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(54) Information storage apparatus 



(57) An information storage apparatus records, re- 
produces and/or erases information with respect to a re- 
cording medium. The apparatus includes a servo error 
generation detector for detecting a generation of a servo 
error based on at least one of servo signals including a 
focus error signal and a tracking error signal which are 
derived from output signals of a light receiving element, 
and a data recording resuming section for temporarily 
interrupting a data recording with respect to the record- 



ing medium, temporarily turning OFF a servo and then 
turning ON the servo again, to thereafter synchronize 
recording data to recorded data already recorded on the 
recording medium, and resume recording of the record- 
ing data continuing without a discontinuity to an end of 
the recorded data recorded immediately before the in- 
terruption of the data recording, when the generation of 
the servo error is detected while recording data on the 
recording medium. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This application claims the benefit of a Japa- 
nese Patent Application No.2000-1 59986 filed May 30, 
2000, in the Japanese Patent Office, the disclosure of 
which is hereby incorporated by reference. 

1. Field of the Invention 

[0002] The present invention generally relates to in- 
formation storage apparatuses, and more particularly to 
an information storage apparatus, such as an optical 
disk unit and an optical card unit, which records, repro- 
duces and/or erases information with respect to a re- 
cording medium such as an optical disk and an optical 
card, by converging a light beam from a semiconductor 
laser on the recording medium. 

2. Description of the Related Art 

[0003] As a first example of a conventional informa- 
tion storage apparatus, there is an optical disk unit which 
records, reproduces and/or erases information with re- 
spect to a plurality of kinds of optical disks. When re- 
cording the information in such an optical disk unit, it is 
extremely important that the optical disk is in a state un- 
der a stable servo, in order to avoid a write error caused 
by a servo error. 

[0004] However, a servo signal may be distorted due 
to various external disturbances, and an off-servo state 
may occur. 

[0005] Particularly when a rate at which the informa- 
tion is to be recorded becomes high, it becomes more 
difficult to carry out a stable servo. 
[0006] Accordingly, an information storage apparatus 
which is provided with a means for reducing a lighf emis- 
sion power of a laser diode or turning OFF the laser di- 
ode when the off-servo state occurs and a servo error 
is detected during the recording, so as to avoid an erro- 
neous recording, has been proposed in a Japanese 
Laid-Open Patent Application No. 5-298736, for exam- 
ple. 

[0007] As a second example of the conventional in- 
formation storage apparatus, there is an optical disk unit 
which records, reproduces and/or erases information 
with respect to a plurality of kinds of optical disks. When 
recording the information in such an optical disk unit, it 
is extremely important that ATIP information included in 
the optical disk is accurately detected and decoded, in 
order to accurately perform a positioning with respect to 
the information which is to be recorded, and to synchro- 
nize the information which is to be recorded with respect 
to a rotational speed of the optical disk. 
[0008] However, because a signal level of the ATIP 
signal is extremely small, it may be difficult to detect the 
ATIP signal due to various external disturbances. 
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[0009] Particularly when a rate with which the infor- 
mation is to be recorded becomes high, it becomes 
more difficult to detect the ATIP signal. 
[0010] Accordingly, an information storage apparatus 
5 which is provided with a means for correcting a tracking 
error when an ATIP error rate increases during the re- 
cording, so as to reduce the ATIP error rate, has been 
proposed in a Japanese Laid-Open Patent Application 
No.5-151600, for example. 
w [0011] As a third example of the conventional infor- 
mation storage apparatus, there is an optical disk unit 
which records, reproduces and/or erases information 
with respect to a plurality of kinds of optical disks. When 
recording the information in such an optical disk unit, it 
15 is important that the recording is carried out continuous- 
ly without a recording error. For example, the recording 
error is caused by a shock, vibration or the like. 
[0012] Accordingly, an information storage apparatus 
which is provided with a means for interrupting the re- 
cording of information when the shock, vibration or the 
like is detected, has been proposed in a Japanese Laid- 
Open Patent Application No. 11 -328830, for example. 
[0013] As a fourth example of the conventional infor- 
mation storage apparatus, there is an optical disk unit 
which records, reproduces and/or erases information 
with respect to a plurality of kinds of optical disks. When 
a temperature of such an optical disk unit, particularly a 
temperature of an optical system portion called an opti- 
cal pickup, rises, a light emission characteristic of the 
laser diode which is used for recording the information 
may change, and an error may be generated during the 
recording. In addition, even if no error is generated dur- 
ing the recording, a recording quality may be deteriorat- 
ed by the temperature rise. As a result, there is a pos- 
sibility of recording an optical disk from which the infor- 
mation cannot be reproduced. 

[0014] Furthermore, in a high temperature state, it is 
necessary to increase the light emission power of the 
laser diode in order to continue recording the informa- 
tion without deteriorating the recording quality, but a 
serviceable life of the laser diode may be shortened by 
the increased light emission power. 
[001 5] Accordingly, an information storage apparatus 
which is provided with a means for changing a converg- 
ing state of a laser spot by multiplexing with a focus ser- 
vo when a high temperature is detected during the re- 
cording, has been proposed in a Japanese Laid-Open 
Patent Application No. 8-306052, for example. 
[0016] But in the first example of the conventional in- 
formation storage apparatus, although it is possible to 
prevent an erroneous recording on the track by sup- 
pressing the light emission of the laser diode at a light 
emission power which would record information when 
the servo error is generated, there was a first problem 
in that the data recorded up to that point in time cannot 
be utilized. 

[0017] Particularly in the case of a write-once optical 
recording medium, such as a CD-R, which can only be 
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recorded with information once, a storage capacity of 
the optical recording medium may be wasted, and a time 
used to make the recording up to that point in time may 
be wasted. 

[0018] On the other hand, in the above described in- 
formation storage apparatus, the servo errors include a 
servo error detected by the tracking error signal. 
[0019] When the tracking error signal detects the ser- 
vo error, the focus servo may be in an on-servo state 
and stable. For this reason, if all of the servos are once 
turned OFF and then turned ON to obtain the on-servo 
states, there was a second problem in that it may take 
too much time for the servos to stabilize. 
[0020] Further, in the above described information 
storage apparatus, when the information recording is in- 
terrupted upon detection of the servo error and the re- 
cording is to be resumed so that there is no discontinuity 
with the data recorded immediately before the recording 
was interrupted, there is a possibility that the information 
is recorded in the off-servo state if the servo error is ac- 
tually generated. As a result, there was a third problem 
in that there is a possibility of deteriorating the recording 
quality of the optical recording medium which is record- 
ed with the information. 

[0021] Next, in the above described information stor- 
age apparatus, when the information recording is inter- 
rupted upon detection of the servo error and the record- 
ing is to be resumed so that there is no discontinuity with 
the data recorded immediately before the recording was 
interrupted, the cause of the servo error may be depend- 
ent on the rotational speed of the optical recording me- 
dium on which the information is to be recorded. 
[0022] In this case, even if the information recording 
is interrupted upon detection of the servo error and the 
recording is resumed so that there is no discontinuity 
with the data recorded immediately before the recording 
was interrupted, the servo error is generated again, and 
a loop for interrupting and resuming the information re- 
cording is repeated, and there was a fourth problem in 
that the information recording may not end. 
[0023] Moreover, in the above described information 
storage apparatus, when the information recording is in- 
terrupted upon detection of the servo error and the re- 
cording is to be resumed so that there is no discontinuity 
with the data recorded immediately before the recording 
was interrupted, there was a fifth problem in that the time 
finally required to record the information may become 
extremely long if the recording rate is changed at the 
first detection of the servo error, in a case where the 
cause of the servo error detection is other than the ro- 
tational speed of the optical recording medium. 
[0024] On the other hand, in the second example of 
he conventional information storage apparatus, it is pos- 
sible to reduce the ATIP error rate caused by the track- 
ing error, but there is no effect on the ATIP error rate 
which increases due to other causes. In some cases, 
there was a sixth problem in that the recording is per- 
formed out of synchronism with respect to the rotational 



speed of the optical recording medium and a write error 
may be generated if the situation becomes worse. 
[0025] Particularly in the case of the write-once opti- 
cal recording medium, such as the CD-R, which can only 

5 be recorded with information once, the recording capac- 
ity of the optical recording medium may wasted if the 
write error occurs, and the time used to make the re- 
cording up to that point in time may also be wasted. 
[0026] In the above described information storage ap- 

10 paratus, one of the causes which increase the ATIP er- 
ror rate is determined by a relative position (hereinafter 
referred to as a lens position) of an objective lens of the 
optical pickup with respect to a carriage which moves 
the objective lens, an actuator or the like in a radial di- 

15 rection of the optical recording medium. 

[0027] In other words, even if the ATIP error rate in- 
creases and the information recording is interrupted and 
resumed, there are cases where the information record- 
ing is resumed from the position of the objective lens 

20 identical to that immediately before the recording was 
interrupted if the carriage did not move from immediately 
before the interruption of the recording. In such cases, 
the ATIP error rate immediately after the recording is re- 
sumed is high, and the interruption and resuming of the 

25 information recording are repeated. As a result, there 
was a seventh problem in that the information recording 
may not end. 

[0028] Next, in the above described information stor- 
age apparatus, when the information recording is inter- 

30 rupted upon detection of the increase of the ATIP error 
rate and the recording is to be resumed so that there is 
no discontinuity with the data recorded immediately be- 
fore the recording was interrupted, there are cases 
where the increase of the ATIP error rate is dependent 

35 on the rotational speed of the optical recording medium 
on which the information is to be recorded. In such cas- 
es, the ATIP error rate is large for the same recording 
rate, even if the information recording is interrupted and 
resumed as the ATIP error rate increases. Consequent- 

*o ly, there was an eighth problem in that the interruption 
and resuming of the information recording are repeated, 
and the information recording may not end. 
[0029] On the other hand, in the above described in- 
formation storage apparatus, when the information re- 

45 cording is interrupted upon detection of the increase of 
the ATIP error rate and the recording is to be resumed 
so that there is no discontinuity with the data recorded 
immediately before the recording was interrupted, there 
was a ninth problem in that the time finally required to 

50 record the information may become extremely long if the 
recording rate is changed at the first detection of the in- 
crease of the ATIP error rate, in a case where the cause 
of the increased ATIP error rate is other than the rota- 
tional speed of the optical recording medium. 

55 [0030] In the third example of the conventional infor- 
mation storage apparatus, in the case of the write-once 
optical recording medium, such as the CD-R, which can 
only be recorded with information once, there was a 
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tenth problem in that the recording capacity of the optical 
recording medium may wasted and the time used to 
make the recording up to that point in time may also be 
wasted, if the recording is interrupted due to the shock, 
vibration or the like. 

[0031] Next, in the above described information stor- 
age apparatus, if the shock, vibration or the like is due 
to external causes, the shock, vibration or the like will 
be eliminated when the external causes are eliminated, 
to thereby enable the information recording to be re- 
sumed stably. However, if the shock, vibration or the like 
is due to internal causes such as a cause due to the 
rotational speed of the optical recording medium, the 
shock, vibration or the like is generated under the same 
conditions even when the information recording is re- 
sumed, and the interruption and resuming of the infor- 
mation recording may be repeated. Consequently, there 
was an eleventh problem in that the final recording rate 
may become low, and the information recording may not 
be resumed and completed. 

[0032] Moreover, in the above described information 
storage apparatus, when the information recording is in- 
terrupted upon detection of the shock, vibration or the 
like and the recording is to be resumed so that there is 
no discontinuity with the data recorded immediately be- 
fore the recording was interrupted, there was a twelfth 
problem in that the time finally required to record the 
information may become long if the recording rate is 
changed at the first detection of the shock, vibration or 
the like, in a case where the shock, vibration or the like 
is temporary because such temporary shock, vibration 
or the like will not be generated again. 
[0033] In addition, in the above described information 
storage apparatus, there was a thirteenth problem in 
that a shock sensor is required in general to detect the 
shock, vibration or the like, and a redundant circuit as- 
sociated therewith needs to be added. 
[0034] Next, in the fourth example of the conventional 
information storage apparatus, an operating range of 
the focus servo is finite, and the converging state of the 
light beam can only be controlled to a predetermined 
level even when multiplexing is employed. Hence, the 
converging state cannot be controlled with respect to a 
temperature change in a range in which the change ex- 
ceeds the predetermined level, and there was a four- 
teenth problem in that the recording quality deteriorates 
and the recording error occurs. 

[0035] Particularly in the case of a write-once optical 
recording medium, such as the CD-R, which can only 
be recorded with information once, the storage capacity 
of the optical recording medium may be wasted, and the 
time used to make the recording up to that point in time 
may be wasted. 

[0036] Moreover, in the above described information 
storage apparatus, if the temperature upon starting of 
the information recording is high from the initial state, 
the temperature detected during the recording naturally 
becomes high. For this reason, the detected tempera- 



ture easily becomes greater than a predetermined high 
temperature, and there was a fifteenth problem in that 
there are possibilities that pause and rewrite of the in- 
formation recording will occur frequently, and that the 
5 write will not be completed in a worst case under the 
high-temperature condition. 

[0037] On the other hand, if the initial temperature is 
extremely low, there is a possibility that the recording 
quality will deteriorate before the predetermined high 

10 temperature is reached. 

[0038] In addition, in the above described information 
storage apparatus, the detection of the high tempera- 
ture may be caused mainly by the light emission of the 
laser diode which is used for the information recording 

15 and urges a temperature rise of the optical pickup. Fur- 
thermore, as the recording rate becomes high, the light 
emission power of the laser diode required for the infor- 
mation recording becomes high, and the temperature 
easily rises. 

20 [0039] In other words, when the information recording 
is interrupted upon detection of the internal temperature 
rise due to the high light emission power of the laser 
diode required because of the high recording rate and 
the recording is to be resumed so that there is no dis- 

25 continuity with the data recorded immediately before the 
recording was interrupted, there was a sixteenth prob- 
lem in that the interruption and resuming of the informa- 
tion recording are repeated, and the information record- 
ing may not end. That is, the temperature rise occurs 

30 again for the same recording rate even when the infor- 
mation recording is interrupted by the temperature rise 
and resumed, if the cause of the temperature rise is de- 
pendent on the rotational speed of the optical recording 
medium on which the information is to be recorded. 

35 [0040] Furthermore, in the above described informa- 
tion storage apparatus, if the cause of the detected high 
temperature is other than the rotational speed of the op- 
tical recording medium, the cause is not eliminated by 
reducing the rotational speed upon the first detection of 

<o the high temperature. Consequently, the high tempera- 
ture is reached again, which results in the interruption 
of the recording and resuming of the recording at a re- 
duced rotational speed, and there was a seventeenth 
problem in that the recording rate of the information re- 

45 cording may becomes extremely low. 

SUMMARY OF THE INVENTION 

[0041 ] Accordingly, it is a general object of the present 
50 invention to provide a novel and useful information stor- 
age apparatus according to the present invention, in 
which the problems described above are eliminated. 
[0042] Another object of the present invention is to 
provide an information storage apparatus which elimi- 
55 nates at least one of the first through seventeenth prob- 
lems described above. 

[0043] A first object of the present invention is to pro- 
vide an information storage apparatus which can con- 
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tinuously record data without a discontinuity and without 
generating a recording error, even if a servo error is gen- 
erated. 

[0044] A second object of the present invention is to 
provide an information storage apparatus which can sta- 5 
bly and continuously record data without a discontinuity, 
by achieving an on-servo state at a higher speed when 
a servo error is detected from a tracking error signal. 
[0045] A third object of the present invention is to pro- 
vide an information storage apparatus which can record 
data with a stable quality without generating an off-servo 
state. 

[0046] A fourth object of the present invention is to 
provide an information storage apparatus which can sta- 
bly record data when interrupting a data recording upon 
detection of a servo error signal and resuming the data 
recording without a discontinuity with recorded data im- 
mediately before the interruption, even in a case where 
a cause of a servo error is dependent on a rotational 
speed of a recording medium on which the data are re- 
corded. 

[0047] A fifth object of the present invention is to pro- 
vide an information storage apparatus which can stable 
record data at a speed which is as high as possible, even 
if a generation of a servo error is temporary or is de- 
pendent on a rotational speed of a recording medium 
on which the data are recorded. 
[0048] A sixth object of the present invention is to pro- 
vide an information storage apparatus which can con- 
tinuously record data without a discontinuity and without 
generating a recording error, even if an ATIP error rate 
increases. 

[0049] A seventh object of the present invention is to 
provide an information storage apparatus which can sta- 
bly record data even in a case where an ATIP error rate 
increases consecutively under identical conditions such 
as a lens position. 

[0050] An eighth object of the present invention is to 
provide an information storage apparatus which can sta- 
bly record data even if an increase of an ATIP error rate 
is caused by a rotational speed of a recording medium. 
[0051] A ninth object of the present invention is to pro- 
vide an information storage apparatus which can stably 
record data at a speed which is as high as possible, even 
if an increase of an ATIP error rate is temporary or is 
dependent on a rotational speed of a recording medium 
on which data are recorded. 

[0052] A tenth object of the present invention is to pro- 
vide an information storage apparatus which can con- 
tinuously record data without a discontinuity without 
generating a recording error, even if a fault such as 
shock or vibration occurs. 

[0053] An eleventh object of the present invention is 
to provide an information storage apparatus which can 
stably record data, even in a case where the shock or 
vibration is consecutively generated under identical 
conditions, such as internal causes due to a rotational 
speed of a recording medium. 



[0054] A twelfth object of the present invention is to 
provide an information storage apparatus which can sta- 
bly record data at a speed which is as high as possible, 
even if the applied shock or vibration is temporary or, is 
consecutively generated due to internal causes. 
[0055] A thirteenth object of the present invention is 
to provide an information storage apparatus which can 
detect shock, vibration or the like without the use of a 
shock sensor. 

[0056] A fourteenth object of the present invention is 
to provide an information storage apparatus which can 
continuously record data without a discontinuity and 
with a stable quality without generating a recording er- 
ror, even if a high temperature is reached during a data 
recording. 

[0057] A fifteenth object of the present invention is to 
provide an information storage apparatus which can 
maintain a stable recording quality regardless of a tem- 
perature at a start of a data recording. 
[0058] A sixteenth object of the present invention is 
to provide an information storage apparatus which can 
stably record data even if a temperature rise is caused 
by a rotational speed of a recording medium. 
[0059] A seventeenth object of the present invention 
is to provide an information storage apparatus which 
can stably record data without deteriorating a recording 
quality and without generating a recording error, without 
a need to greatly slow down a recording rate even if a 
high temperature is detected. 

[0060] A more specific object of the present invention 
is to provide an information storage apparatus for re- 
cording, reproducing and/or erasing information with re- 
spect to a recording medium, comprising servo error 
generation detecting means for detecting a generation 
of a servo error based on at least one of servo signals 
including a focus error signal and a tracking error signal 
which are derived from output signals of a light receiving 
element; and data recording resuming means for tem- 
porarily interrupting a data recording with respect to the 
recording medium, temporarily turning OFF a servo and 
then turning ON the servo again, to thereafter synchro- 
nize recording data to recorded data already recorded 
on the recording medium, and resume recording of the 
recording data continuing without a discontinuity to an 
end of the recorded data recorded immediately before 
the interruption of the data recording, when the servo 
error generation detecting means detects the genera- 
tion of the servo error while recording data on the re- 
cording medium. According to the information storage 
apparatus of the present invention, it is possible to 
achieve the first object of the present invention. 
[0061] A further object of the present invention is to 
provide an information storage apparatus for recording, 
reproducing and/or erasing information with respect to 
a recording medium, comprising servo error generation 
detecting means for detecting a generation of a servo 
error based on at least one of servo signals including a 
focus error signal and a tracking error signal which are 
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derived from output signals of a light receiving element; 
and data recording resuming means for temporarily in- 
terrupting a data recording with respect to the recording 
medium, temporarily turning OFF only a tracking servo 
without turning OFF all servos and then turning ON the 
tracking servo again, to thereafter synchronize record- 
ing data to recorded data already recorded on the re- 
cording medium, and resume recording of the recording 
data continuing without a discontinuity to an end of the 
recorded data recorded immediately before the interrup- 
tion of the data recording, when the servo error gener- 
ation detecting means detects the generation of the ser- 
vo error while recording data on the recording medium. 
According to the information storage apparatus of the 
present invention, it is possible to achieve the second 
object of the present invention. 

[0062] In the information storage apparatus, the servo 
error generation detecting means may include means 
for detecting the generation of the servo error when a 
servo signal makes a transition from a signal level in a 
stable state of the servo signal to a state where the sig- 
nal level is deviated by a predetermined threshold value. 
According to the information storage apparatus of the 
present invention, it is possible to achieve the third ob- 
ject of the present invention. 

[0063] The information storage apparatus may further 
comprise rate changing means for changing a recording 
rate so as not to generate the servo error when resuming 
the recording by the data recording resuming means. 
According to the information storage apparatus of the 
present invention, it is possible to achieve the fourth ob- 
ject of the present invention. 

[0064] The information storage apparatus may further 
comprise control means for resuming the recording of 
the recording data at a recording rate identical to a re- 
cording rate immediately before the recording is inter- 
rupted if a number of times the servo error is detected 
by the servo error generation detecting means is less 
than a predetermined number, and changing the record- 
ing rate so as not to generate the servo error if the 
number of times the servo error is detected is greater 
than or equal to the predetermined number, when re- 
suming the recording by the data recording resuming 
means. According to the information storage apparatus 
of the present invention, it is possible to achieve the fifth 
object of the present invention. 

[0065] Another object of the present invention is to 
provide an information storage apparatus for recording, 
reproducing and/or erasing information with respect to 
a recording medium, comprising ATIP signal detecting 
means for detecting an ATIP signal based on output sig- 
nals from a light receiving element; ATIP decoding and 
ATIP error detecting means for decoding the ATIP signal 
detected by the ATIP signal detecting means to repro- 
duce information included in the ATIP signal and to de- 
tect an ATIP error; ATIP error measuring means for 
measuring the ATIP error detected by the ATIP decoding 
and ATIP error detecting means to output an ATIP error 



rate; and data recording resuming means for temporar- 
ily interrupting a data recording with respect to the re- 
cording medium, to synchronize recording data to re- 
corded data already recorded on the recording medium, 

5 and resume recording of the recording data continuing 
without a discontinuity to an end of the recorded data 
recorded immediately before the interruption of the data 
recording, when the ATIP error measuring means de- 
tects an increase of the ATIP error rate while recording 

10 data on the recording medium. According to the infor- 
mation storage apparatus of the present invention, it is 
possible to achieve the sixth object of the present inven- 
tion. 

[0066] Still another object of the present invention is 

15 to provide an information storage apparatus for record- 
ing, reproducing and/or erasing information with respect 
to a recording medium, comprising ATIP signal detect- 
ing means for detecting an ATIP signal based on output 
signals from a light receiving element; ATIP decoding 

20 and ATIP error detecting means for decoding the ATIP 
signal detected by the ATIP signal detecting means to 
reproduce information included in the ATIP signal and 
to detect an ATIP error; ATIP error measuring means for 
measuring the ATIP error detected by the ATIP decoding 

25 and ATIP error detecting means to output an ATIP error 
rate; and data recording resuming means for temporar- 
ily interrupting a data recording with respect to the re- 
cording medium, and changing a lens position related 
to the data recording by carrying out a carriage moving 

30 operation, to thereafter synchronize recording data to 
recorded data already recorded on the recording medi- 
um, and resume recording of the recording data contin- 
uing without a discontinuity to an end of the recorded 
data recorded immediately before the interruption of the 

35 data recording, when the ATIP error measuring means 
detects an increase of the ATIP error rate while record- 
ing data on the recording medium. According to the in- 
formation storage apparatus of the present invention, it 
is possible to achieve the seventh object of the present 

40 invention. 

[0067] The information storage apparatus may further 
comprise rate changing means for changing a recording 
rate so as not to increase the ATIP error rate when re- 
suming the recording by the data recording resuming 

45 means. According to the information storage apparatus 
of the present invention, it is possible to achieve the 
eighth object of the present invention. 
[0068] The information storage apparatus may further 
comprise control means for resuming the recording of 

50 the recording data at a recording rate identical to a re- 
cording rate immediately before the recording is inter- 
rupted if the ATIP error rate output from the ATIP error 
measuring means increases and a number of times the 
increase of the ATIP error rate is detected by the servo 

55 error generation detecting means is less than a prede- 
termined number, and changing the recording rate so 
as not to increase the ATIP error rate if the number of 
times the increase of the ATIP error rate is detected is 
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greater than or equal to the predetermined number, 
when resuming the recording by the data recording re- 
suming means. According to the information storage ap- 
paratus of the present invention, it is possible to achieve 
the ninth object of the present invention. 
[0069] A further object of the present invention is to 
provide an information storage apparatus for recording, 
reproducing and/or erasing information with respect to 
a recording medium, comprising shock and vibration de- 
tecting means for detecting shock, vibration or the like 
applied with respect to the information storage appara- 
tus; and data recording resuming means for temporarily 
interrupting a data recording with respect to the record- 
ing medium when the shock and vibration detecting 
means detects the shock, vibration or the like while re- 
cording data on the recording medium, and for synchro- 
nizing recording data to recorded data already recorded 
on the recording medium, and resuming recording of the 
recording data continuing without a discontinuity to an 
end of the recorded data recorded immediately before 
the interruption of the data recording when the shock 
and vibration detecting means no longer detects the 
shock, vibration or the like. According to the information 
storage apparatus of the present invention, it is possible 
to achieve the tenth object of the present invention. 
[0070] The information storage apparatus may further 
comprise rate changing means for changing a recording 
rate so as not to generate the shock, vibration or the like 
when resuming the recording by the data recording re- 
suming means. According to the information storage ap- 
paratus of the present invention, it is possible to achieve 
the eleventh object of the present invention. 
[0071 ] The information storage apparatus may further 
comprise control means for resuming the recording of 
the recording data at a recording rate identical to a re- 
cording rate immediately before the recording is inter- 
rupted if the number of times the shock, vibration or the 
like is detected by the shock and vibration detecting 
means is less than a predetermined number, and for 
changing the recording rate so as not to generate the 
shock, vibration or the like if the number of times the 
shock, vibration or the like is detected is greater than or 
equal to the predetermined number, when resuming the 
recording by the data recording resuming means. Ac- 
cording to the information storage apparatus of the 
present invention, it is possible to achieve the twelfth 
object of the present invention. 

[0072] In the information storage apparatus, the 
shock and vibration detecting means may include 
means for detecting the shock, vibration or the like 
based on a tracking error signal. 
[0073] In the information storage apparatus, the 
shock and vibration detecting means may include 
means for detecting the shock, vibration or the like 
based on a focus error signal. 

[0074] In the information storage apparatus, the 
shock and vibration detecting means may include 
means for detecting the shock, vibration or the like 



based on a reflectivity detection signal. According to 
these information storage apparatuses of the present in- 
vention, it is possible to achieve the thirteenth object of 
the present invention. 

5 [0075] Another object of the present invention is to 
provide an information storage apparatus for recording, 
reproducing and/or erasing information with respect to 
a recording medium, comprising temperature measur- 
ing means for measuring a temperature within the infor- 

10 mation storage apparatus; and data recording resuming 
means for temporarily interrupting a data recording with 
respect to the recording medium when the temperature 
measuring means measures a high temperature which 
is greater than or equal to a predetermined temperature 

15 while recording data on the recording medium, and syn- 
chronizing recording data to recorded data already re- 
corded on the recording medium and resuming record- 
ing of the recording data continuing without a disconti- 
nuity to an end of the recorded data recorded immedi- 

20 ately before the interruption of the data recording when 
the temperature measured by the temperature measur- 
ing means becomes less than the predetermined tem- 
perature. According to the information storage appara- 
tus of the present invention, it is possible to achieve the 

25 fourteenth object of the present invention. 

[0076] In the information storage apparatus, the data 
recording resuming means may include means for de- 
tecting a high temperature state when a difference be- 
tween the temperature measured by the temperature 

30 measuring means during the data recording and an in- 
itial temperature measured before a start of the data re- 
cording exceeds a predetermined threshold value. Ac- 
cording to the information storage apparatus of the 
present invention, it is possible to achieve the fifteenth 

35 object of the present invention. 

[0077] The information storage apparatus may further 
comprise rate changing means for changing a recording 
rate so as not to generate a high temperature state when 
resuming the recording by the data recording resuming 

40 means. According to the information storage apparatus 
of the present invention, it is possible to achieve the six- 
teenth object of the present invention. 
[0078] The information storage apparatus may further 
comprise control means for resuming the recording of 

45 the recording data at a recording rate identical to a re- 
cording rate immediately before the recording is inter- 
rupted if a number of times the high temperature state 
is detected is less than a predetermined number, and 
for reducing the recording rate in steps so as not to gen- 

50 erate the high temperature state if the number of times 
the high temperature state is detected is greater than or 
equal to the predetermined number, when resuming the 
recording by the data recording resuming means. Ac- 
cording to the information storage apparatus of the 

55 present invention, it is possible to achieve the seven- 
teenth object of the present invention. 
[0079] Other objects and further features of the 
present invention will be apparent from the following de- 
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tailed description when read in conjunction with the ac- 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0080] 

FIG. 1 is a system block diagram for explaining first 
through ninth embodiment of an information stor- 
age apparatus according to the present invention; 
FIG. 2 is a flow chart for explaining an operation of 
the first embodiment of the information storage ap- 
paratus; 

FIG. 3 is a flow chart for explaining an operation of 
the second embodiment of the information storage 
apparatus; 

FIG. 4 is a flow chart for explaining an operation of 
the fourth embodiment of the information storage 
apparatus; 

FIG. 5 is a flow chart for explaining an operation of 
the fifth embodiment of the information storage ap- 
paratus; 

FIG. 6 is a flow chart for explaining an operation of 
the sixth embodiment of the information storage ap- 
paratus; 

FIG. 7 is a flow chart for explaining an operation of 
the seventh embodiment of the information storage 
apparatus; 

FIG. 8 is a flow chart for explaining an operation of 
the eighth embodiment of the information storage 
apparatus; 

FIG. 9 is a flow chart for explaining an operation of 
the ninth embodiment of the information storage ap- 
paratus; 

FIG. 10 is a system block diagram for explaining 
tenth through fifteenth embodiments of the informa- 
tion storage apparatus according to the present in- 
vention; 

FIG. 11 is a flow chart for explaining an operation 
of the tenth embodiment of the information storage 
apparatus; 

FIG. 12 is a flow chart for explaining an operation 
of the eleventh embodiment of the information stor- 
age apparatus; 
FIG. 13 is a flow chart for explaining an operation 45 
of the twelfth embodiment of the information stor- 
age apparatus; 

FIG. 1 4 is a system block diagram for explaining six- 
teenth through nineteenth embodiments of the in- 
formation storage apparatus according to the 50 
present invention; 

FIG. 15 is a flow chart for explaining an operation 
of the sixteenth embodiment of the information stor- 
age apparatus; 

FIG. 16 is a flow chart for explaining an operation 55 
of the seventeenth embodiment of the information 
storage apparatus; 

FIG. 17 is a flow chart for explaining an operation 
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of the eighteenth embodiment of the information 
storage apparatus; and 

FIG. 18 is a flow chart for explaining an operation 
of the nineteenth embodiment of the information 
storage apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0081] A description will be given of various embodi- 
ments of an information storage apparatus according to 
the present invention, by referring to the drawings. 

(1) First Through Ninth Embodiments: 

[0082] FIG. 1 is a system block diagram for explaining 
first through ninth embodiments of the information stor- 
age apparatus according to the present invention. In the 
first through ninth embodiments, the present invention 
is applied to an optical disk unit. 
[0083] The optical disk unit includes an optical disk 1 
which may be detachably loaded, a spindle motor 2, an 
optical pickup 3, a laser control circuit 4, a CD encoder 
5, a CD-ROM encoder 6, an ATIP decoder 7, a buffer 
RAM 8, a buffer manager 9, a lead amplifier 10, a CD 
decoder 1 1 , a CD-ROM decoder 1 2, an ATAPI/SCSI in- 
terface 1 3, a motor driver 1 4, a servo circuit 1 5, a digital- 
to-analog (D/A) converter 16, a ROM 17, a CPU 18 and 
a RAM 1 9 which are connected as shown in FIG. 1 . 
[0084] In the optical disk unit, the optical disk 1 is ro- 
tated by the spindle motor 2. The spindle motor 2 is con- 
trolled by the motor driver 14 and the servo circuit 15, 
so that a linear velocity becomes constant. The linear 
velocity may be changed in steps by the motor driver 14 
and the servo circuit 1 5. 

[0085] The optical pickup 3 includes a semiconductor 
laser, an optical system, a focus actuator, a track actu- 
ator, a light receiving element and a position sensor 
which are known and not shown in FIG. 1. This optical 
pickup 3 irradiates a laser beam L on a recording surface 
of the optical disk 1 . 

[0086] In addition, the optical pickup is movable in a 
sledge direction by a seek motor which is not shown. 
The focus actuator, the track actuator and the seek mo- 
tor are controlled by the motor driver 14 and the servo 
circuit 1 5 based on signals obtained from the light re- 
ceiving element and the position sensor, so that a laser 
spot of the laser beam L is positioned at a target position, 
that is, a data recording position or a data reproducing 
position, on the optical disk 1 . 

[0087] When reproducing the data, a reproduced sig- 
nal obtained from the optical pickup 3 is amplified and 
binarized by the lead amplifier 10, before being input to 
the CD decoder 11 which carries out a deinterleaving 
process and an error correction process. After being 
subjected to the deinterleaving and error correction 
processes, the data are input to the CD-ROM decoder 
12 which carries out an error correction process to im- 
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prove reliability of the data. 

[0088] Thereafter, the data processed by the CD- 
ROM decoder 12 are temporarily stored in the buffer 
RAM 8 by the buffer manager 9, and when a sector data 
is obtained, the sector data is transferred to a host com- 
puter (not shown) via the ATAPI/SCSI interface 13. 
[0089] In a case where the data read from the optical 
disk 1 are music data, the data output from the CD de- 
coder 1 1 are input to the D/A converter 1 6 to obtain an 
analog audio signal. This analog audio signal is output 
as an audio output. 

[0090] Next, when recording data, data from the host 
computer are received by the ATAPI/SCSI interface 1 3, 
and the received data are temporarily stored in the buff- 
er RAM 8 by the buffer manager 9. 
[0091] The recording is started when a certain amount 
of data is stored in the buffer RAM 8, but before starting 
the recording, the laser spot is positioned to a write start 
position on the optical disk 1 . The write start position is 
obtained from a wobble signal which is prerecorded in 
the form of a wave-shaped track on the optical disk 1 . 
The wobble signal includes absolute time information 
called ATIP, and the ATIP information is obtained by the 
ATIP decoder 7. 

[0092] In addition, a synchronizing signal generated 
from the ATIP decoder 7 is input to the CD encoder 5, 
so that the data can be written at an accurate position. 
[0093] The data stored in the buffer RAM 8 are sub- 
jected to processes, such as adding an error correction 
code and interleaving, in the CD-ROM encoder 6 and 
the CD encoder 5, and is recorded on the optical disk 1 
via the laser control circuit 4 and the optical pickup 3. 
[0094] When a servo error is generated during the in- 
formation recording of the optical disk unit, a recording 
error may be generated. 

[0095] Particularly in the case of a data recording with 
respect to a write-once optical disk such as the CD-R, 
when the recording error is generated, the recorded op- 
tical disk cannot be reused and is thus wasted. In addi- 
tion, the time used for the recording up to that point in 
time is also wasted. 

[0096] Accordingly, when the CPU 1 8 detects a servo 
error from a servo detection signal from the servo circuit 
15, the CPU 18 temporarily interrupts the data record- 
ing, and synchronizes the recording data which are to 
be newly recorded to the recorded data already record- 
ed on the optical disk 1. Furthermore, the CPU 18 
resumes the data recording of the recording data which 
continues to the recorded data recorded immediately 
before the interruption of the recording, from the record- 
ing start position. 

[0097] Therefore, even if the servo error is generated 
during the data recording with respect to the optical disk 
1 , the recording error is prevented from being generated 
in the optical disk unit. 

[0098] In other words, this optical disk unit forms an 
information storage apparatus which can record, repro- 
duce and/or erase information with respect to a record- 



ing medium. 

[0099] The servo circuit 15, the CPU 18 and the like 
function as a servo error generation detecting means for 
detecting the generation of the servo error based on a 

5 servo signal such as the focus error signal and the track- 
ing error signal, by carrying out operations on the signals 
from the light receiving element. 
[0100] Furthermore, the CPU 18 and the like function 
as a data recording resuming means. When the servo 

10 error generation detecting means described above de- 
tects the generation of the servo error while recording 
data on the recording medium, this data recording re- 
suming means temporarily interrupts the data recording 
with respect to the recording medium, temporarily turns 

15 OFF the servo and then turns ON the servo again, to 
thereafter synchronize the recording data to the record- 
ed data already recorded on the recording medium, and 
resume recording of the recording data continuing with- 
out a discontinuity to an end of the recorded data re- 

20 corded immediately before the interruption of the data 
recording. 

[0101] In addition, the CPU 18 and the like function 
as a data recording resuming means. When the servo 
error generation detecting means described above de- 

25 tects the generation of the servo error while recording 
data on the recording medium, this data recording re- 
suming means temporarily interrupts the data recording 
with respect to the recording medium, temporarily turns 
OFF only the tracking servo without turning OFF ail of 

30 the servos and then turns ON the tracking servo again, 
to thereafter synchronize the recording data to the re- 
corded data already recorded on the recording medium, 
and resume recording of the recording data continuing 
without a discontinuity to an end of the recorded data 

35 recorded immediately before the interruption of the data 
recording. 

[0102] The servo circuit 15, the CPU 18 and the like 
also function as a means for detecting the generation of 
the servo error when the servo signal makes a transition 
40 from a signal level in a stable state of the servo signal 
to a state where the signal level is deviated by a prede- 
termined threshold value. 

[01 03] Moreover, the motor driver 14, the servo circuit 
15, the CPU 18 and the like function as a rate changing 

45 means for changing the recording rate so as not to gen- 
erate the servo error when resuming the recording by 
the data recording resuming means described above. 
[0104] The motor driver 14, the servo circuit 15, the 
CPU 18 and the like also function as a control means. 

50 |f a number of times the servo error is detected by the 
servo error generation detecting means described 
above is less than a predetermined number when re- 
suming the recording by the data recording resuming 
means described above, the control means resumes the 

55 recording of the recording data at a recording rate iden- 
tical to the recording rate immediately before the record- 
ing is interrupted. On the other hand, if the number of 
times the servo error is detected is greater than or equal 
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to the predetermined number, the control means chang- 
es the recording rate so as not to generate the servo 
error. 

(1-1)Data Recording Process of First Embodiment: 

[0105] FIG. 2 is a flow chart for explaining a data re- 
cording process of the first embodiment of the optical 
disk unit shown in FIG. 1. FIG. 2 shows the interruption 
and resuming of the recording when the servo error is 
generated during the data recording in the optical disk 
unit shown in FIG. 1 . 

[0106] The data recording process starts from a step 
S1 which carries out a write start operation. A step S2 
carries out a disk write operation to start the data record- 
ing. A step S3 receives the data from the host computer, 
and a step S4 decides whether or not a servo error is 
detected. 

[0107] If the decision result in the step S4 is NO, a 
step S5 decides whether or not a data write operation 
is ended. If the decision result in the step S5 is NO, the 
process returns to the step S2 to continue the data write 
operation. On the other hand, if the decision result in the 
step S5 is YES, a step S6 carries out a write stop oper- 
ation to end the data recording, and the process ends. 
[01 08] In addition, if the decision result in the step S4 
is YES, a step S7 carries out a write pause operation to 
temporarily interrupt the data write with respect to the 
optical disk 1 . A step S8 temporarily turns OFF the ser- 
vos, and a step S9 turns ON the servos again. Then, a 
step S10 carries out a write restart operation to resume 
the data write operation with respect to the optical disk 
1 in synchronism with the recorded data already record- 
ed on the optical disk 1 . The process returns to the step 
S3 after the step S10, so as to continue the data write 
operation. Hence, the recording data continuing to the 
end of the recorded data recorded immediately before 
the recording was interrupted is recorded so that there 
is no discontinuity with the recorded data recorded im- 
mediately before the recording was interrupted. 
[0109] Therefore, even if the servo error is generated 
during the data recording, it is possible to continuously 
record the recording data without a discontinuity, and 
without generating a recording error. 

(1-2)Data Recording Process of Second Embodiment: 

[0110] FIG. 3 is a flow chart for explaining a data re- 
cording process of the second embodiment of the opti- 
cal disk unit shown in FIG. 1. 

[0111] The data recording process starts from a step 
S1 1 which carries out a write start operation. A step S1 2 
carries out a disk write operation to start the data record- 
ing. A step S13 receives the data from the host compu- 
ter, and a step S 14 decides whether or not a servo error 
is detected. 

[0112] If the decision result in the step S14 is NO, a 
step S1 5 decides whether or not a data write operation 



is ended. If the decision result in the step S1 5 is NO, the 
process returns to the step S12 to continue the data 
write operation. On the other hand, if the decision result 
in the step S15 is YES, a step S16 carries out a write 
5 stop operation to end the data recording, and the proc- 
ess ends. 

[0113] In addition, if the decision result in the step S1 4 
is YES, a step S17 carries out a write pause operation 
to temporarily interrupt the data write with respect to the 
to optical disk 1. A step S18 decides whether or not the 
detected servo error is caused by the tracking error sig- 
nal (TE). 

[0114] If the decision result in the step S18 is YES, a 
step S19 temporarily turns OFF only the tracking servo 

15 without turning OFF all of the servos, and a step S20 
turns ON the tracking servo again. Then, a step S21 car- 
ries out a write restart operation to resume the data write 
operation with respect to the optical disk 1 in synchro- 
nism with the recorded data already recorded on the op- 

20 tical disk 1. The process returns to the step S13 after 
the step S21 , so as to continue the data write operation. 
Hence, the recording data continuing to the end of the 
recorded data recorded immediately before the record- 
ing was interrupted is recorded so that there is no dis- 

25 continuity with the recorded data recorded immediately 
before the recording was interrupted. 
[01 1 5] On the other hand, if the decision result in the 
step S18 is NO, a step S22 turns OFF ail of the servos 
including the tracking servo, and a step S23 turns ON 

30 all of the servos again. Then, the process advances to 
the step S21 which carries out a write restart operation 
to resume the data write operation with respect to the 
optical disk 1 in synchronism with the recorded data al- 
ready recorded on the optical disk 1 . The process re- 

35 turns to the step S13 after the step S21, so as to con- 
tinue the data write operation. Hence, the recording data 
continuing to the end of the recorded data recorded im- 
mediately before the recording was interrupted is re- 
corded so that there is no discontinuity with the recorded 

40 data recorded immediately before the recording was in- 
terrupted. 

[0116] Hence, when the cause of the servo error is 
the tracking servo error, the focus servo of the focus sys- 
tem may be in an on-servo state. For this reason, only 
45 the tracking servo is turned OFF and then turned ON, 
so that the on-servo state is restored at a high speed, 
and so that the data can be stably recorded continuously 
without a discontinuity. 

[0117] Therefore, in the case of the servo error de- 
50 tected from the tracking error signal during the data re- 
cording, the focus servo of the focus system which is 
carrying out a stable servo is not turned OFF and ON. 
Consequently, the stable on-servo state can be ob- 
tained at a high speed, and the data can be stably re- 
55 corded continuously without a discontinuity. In other 
words, it is possible to restore the on-servo state from 
the servo error without taking an unnecessarily long time 
for the restoration. 
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(1-3)Data Recording Process of Third Embodiment: 

[0118] A data recording process of the third embodi- 
ment is basically the same as the data recording proc- 
ess shown in FIG. 2 or 3, except for the detection of the 
servo error 

[0119] In the data recording process of this third em- 
bodiment, the step S4 shown in FIG. 2 or the step S14 
shown in FIG. 3 detects the servo error as follows. That 
is, the generation of the servo error is detected when 
the servo signal level is offset by a preset predetermined 
signal level (threshold value) from a servo signal level 
in a state where the data recording is stably carried out. 
[0120] In a state where the servo signal is distorted 
until the servo error is generated during the data record- 
ing in the optical disk unit, the recording quality of the 
data is deteriorated in most cases. 
[0121] Accordingly, when the servo error is detected 
in a state where the predetermined offset occurs, before 
the servo error is actually generated, it is possible to car- 
ry out a stable recording without having to record the 
data on the optical disk 1 in an off- servo state, by inter- 
rupting the data recording, synchronizing the recording 
data to be recorded after the interruption with respect to 
the recorded data already recorded on the optical disk 
1 , and resuming the recording of the recording data con- 
tinuing to the recorded data recorded immediately be- 
fore the recording was interrupted. 
[0122] Therefore, when the data recording is inter- 
rupted at a time when the servo signal deviates by a 
certain amount, before the servo error is actually gen- 
erated during the data recording, and resuming the data 
recording after carrying out a servo retry, it is possible 
to prevent the data recording in the off-servo state, and 
positively record the data with a stable quality. 

(1-4)Data Recording Process of Fourth Embodiment: 

[0123] FIG. 4 is a flow chart for explaining a data re- 
cording process of the fourth embodiment of the optical 
disk unit shown in FIG. 1. 

[0124] The data recording process starts from a step 
S31 which carries out a write start operation. A step S32 
carries out a disk write operation to start the data record- 
ing. A step S33 receives the data from the host compu- 
ter, and a step S34 decides whether or not a servo error 
is detected. 

[0125] If the decision result in the step S34 is NO, a 
step S35 decides whether or not a data write operation 
is ended. If the decision result in the step S35 is NO, the 
process returns to the step S32 to continue the data 
write operation. On the other hand, if the decision result 
in the step S35 is YES, a step S36 carries out a write 
stop operation to end the data recording, and the proc- 
ess ends. 

[01 26] In addition, if the decision result in the step S34 
is YES, a step S37 carries out a write pause operation 
to temporarily interrupt the data write with respect to the 



optical disk 1 . A step S38 carries out a servo retry op- 
eration. 

[01 27] The servo retry operation of the step S38 cor- 
responds to a process of turning OFF and turning ON 
5 the servo in the steps S8 and S9 shown in FIG. 2 or, in 
the steps S1 8 through S20, S22 and S23 shown in FIG. 

3. 

[0128] After the servo retry operation of the step S38, 
a step S39 changes a write rate to a write data (record- 

10 jng rate) which will not cause the servo error. Then, a 
step S40 carries out a write restart operation to resume 
the data write operation with respect to the optical disk 
1 in synchronism with the recorded data already record- 
ed on the optical disk 1 . The process returns to the step 

15 S33 after the step S40, so as to continue the data write 
operation. Hence, the recording data continuing to the 
end of the recorded data recorded immediately before 
the recording was interrupted is recorded so that there 
is no discontinuity with the recorded data recorded im- 

20 mediately before the recording was interrupted. 

[01 29] For example, the write rate can be changed by 
changing the rotational speed of the optical disk 1 by 
controlling the spindle motor 2. 

[0130] When the cause of the generated servo error 
25 is dependent on the rotational speed of the optical disk 
1 on which the data are to be recorded, it is possible to 
avoid the generation of the servo error by changing the 
rotational speed of the optical disk 1 . Hence, a stable 
data recording can be carried out without entering a loop 
30 which is a repetition of the write stop and the write re- 
start. 

[0131] Therefore, even if the cause of the servo error 
generated during the data recording is dependent on the 
rotational speed of the optical disk 1 , it is possible to 
35 stably carry out the data recording without repeating the 
interruption and resuming of the data recording, and to 
avoid the servo error which is dependent on the rota- 
tional speed of the optical disk 1 on which the data are 
to be recorded. 

40 

(1-5)Data Recording Process of Fifth Embodiment: 

[0132] FIG. 5 is a flow chart for explaining a data re- 
cording process of the fifth embodiment of the optical 

45 disk unit shown in FIG. 1 . 

[0133] The data recording process starts from a step 
S41 which carries out a write start operation and initially 
sets an error loop numberZI to Z1 =0. A step S42 carries 
out a disk write operation to start the data recording. A 

so step S43 receives the data from the host computer, and 
a step S44 decides whether or not a servo error is de- 
tected. 

[0134] If the decision result in the step S44 is NO, a 
step S45 decides whether or not a data write operation 
55 js ended. If the decision result in the step S45 is NO, the 
process returns to the step S42 to continue the data 
write operation. On the other hand, if the decision result 
in the step S45 is YES, a step S46 carries out a write 
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stop operation to end the data recording, and the proc- 
ess ends. 

[0135] In addition, if the decision result in the step S44 
is YES, the error loop number Z1 is incremented to 
Z1 =Z1 +1 , and a step S47 carries out a write pause op- 
eration to temporarily interrupt the data write with re* 
spect to the optical disk 1 . A step S48 temporarily turns 
OFF the servos, and a step S49 decides whether or not 
the error loop number Z1 is smaller than a predeter- 
mined number X1 which is preset, that is, whether or not 
Z1<X1. If the decision result in the step S49 is YES, a 
step S50 carries out a write restart operation to resume 
the data write operation with respect to the optical disk 
1 in synchronism with the recorded data already record- 
ed on the optical disk 1 , without changing the write rate. 
The process returns to the step S43 after the step S50, 
so as to continue the data write operation. Hence, the 
recording data continuing to the end of the recorded da- 
ta recorded immediately before the recording was inter- 
rupted is recorded so that there is no discontinuity with 
the recorded data recorded immediately before the re- 
cording was interrupted. 

[0136] On the other hand, if the decision result in the 
step S49 is NO, a step S51 changes the write rate to a 
write rate (recording rate) which will not generate the 
servo error. After the step S51 , the process advances 
to the step S50 which carries out a write restart opera- 
tion to resume the data write operation with respect to 
the optical disk 1 in synchronism with the recorded data 
already recorded on the optical disk 1 , with the changed 
write rate. The process returns to the step S43 after the 
step S50, so as to continue the data write operation. 
Hence, the recording data continuing to the end of the 
recorded data recorded immediately before the record- 
ing was interrupted is recorded so that there is no dis- 
continuity with the recorded data recorded immediately 
before the recording was interrupted. 
[0137] Therefore, until the servo error is detected the 
predetermined number of times, the write operation is 
carried out at the initially set write rate, and the write rate 
will not be changed unnecessarily every time the servo 
error is detected, to thereby prevent the write time from 
becoming unnecessarily long. 

[0138] Furthermore, when the servo error is detected 
consecutively, it is possible to carry out a stable write 
operation by changing the write rate. 
[0139] Accordingly, when the servo error is detected 
the predetermined number of times or greater during the 
data recording, it is possible to carry out the data record- 
ing stably at a high speed as much as possible, without 
greatly decreasing the recording rate when changing 
the recording rate. 

(2) Sixth Through Ninth Embodiments: 

[0140] The optical disk unit of sixth through ninth em- 
bodiments has a structure which is basically the same 
as that of the optical disk unit shown in FIG. 1, except 



for the functions of the ATIP decoder 7, the CPU 1 8 and 
the like. 

[01 41 ] When recording the data in the optical disk unit 
of the sixth through ninth embodiments, the data trans- 

5 ferred from the host computer and received by the 
ATAPI/SCSI interface 13 are temporarily stored in the 
buffer RAM 8 by the buffer manager 9. 
[01 42] The recording is started when a certain amount 
of data is stored in the buffer RAM 8, but before starting 

10 the recording, the laser spot is positioned to a write start 
position on the optica) disk 1 . The write start position is 
obtained from a wobble signal which is prerecorded in 
the form of a wave-shaped track on the optical disk 1 . 
[0143] The wobble signal includes absolute time in- 

15 formation called ATIP, and the ATIP information is ob- 
tained by the ATIP decoder 7. The ATIP decoder 7 also 
detects an ATIP error, and measures an ATIP error rate. 
[0144] A synchronizing signal generated from the 
ATIP decoder 7 is input to the CD encoder 5, so that the 

20 data can be written at an accurate position. 

[0145] The data stored in the buffer RAM 8 are sub- 
jected to processes, such as adding an error correction 
code and interleaving, in the CD-ROM encoder 6 and 
the CD encoder 5, and is recorded on the optical disk 1 

25 via the laser control circuit 4 and the optical pickup 3. 
[0146] When the ATIP error rate increases during the 
data recording in the optical disk unit, a recording error 
may be generated due to a deviation from a synchro- 
nized state. 

30 [0147] Particularly in the case of a data recording with 
respect to a write-once optical disk such as the CD-R, 
when the recording error is generated, the recorded op- 
tical disk cannot be reused and is thus wasted. 
[0148] Accordingly, when the CPU 18 detects an in- 

35 crease of the ATIP error rate from the ATIP decoder 7, 
the CPU 18 temporarily interrupts the data recording, 
and synchronizes the recording data which are to be 
newly recorded to the recorded data already recorded 
on the optical disk 1 . Furthermore, the CPU 1 8 resumes 

<o the data recording of the recording data which continues 
to the recorded data recorded immediately before the 
interruption of the recording, from the recording start po- 
sition. 

[0149] Therefore, the recording error caused by the 
45 increase of the ATIP error rate is prevented from being 
generated in the optical disk unit. 
[0150] In other words, this optical disk unit forms an 
information storage apparatus which can record, repro- 
duce and/or erase information with respect to a record- 
50 ing medium. 

[0151] The ATIP decoder 7 and the like function as an 
ATIP signal detecting means for detecting an ATIP sig- 
nal by carrying out an operation on the signals from the 
light receiving element, an ATIP decoding and ATIP er- 
55 ror detecting means for decoding the ATIP signal detect- 
ed by the ATIP signal detecting means to reproduce in- 
formation included in the ATIP signal and to detect an 
ATIP error, and an ATIP error measuring means for 
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measuring the ATI P error detected by the ATI P decoding 
and ATIP error detecting means to output an ATIP error 
rate. 

[01 52] Furthermore, the CPU 1 8 and the like function 
as a data recording resuming means. When the ATIP 5 
error measuring means described above detects the in- 
crease of the ATIP error rate while recording data on the 
recording medium, this data recording resuming means 
temporarily interrupts the data recording with respect to 
the recording medium, to synchronize the recording da- 
ta to the recorded data already recorded on the record- 
ing medium, and resume recording of the recording data 
continuing without a discontinuity to an end of the re- 
corded data recorded immediately before the interrup- 
tion of the data recording. 

[0153] In addition, the CPU 18 and the like function 
as a data recording resuming means. When the ATIP 
error measuring means described above detects the in- 
crease of the ATIP error rate while recording data on the 
recording medium, this data recording resuming means 
temporarily interrupts the data recording with respect to 
the recording medium, changes a lens position related 
to the data recording by carrying out a carriage moving 
operation, to thereafter synchronize the recording data 
to the recorded data already recorded on the recording 
medium, and resume recording of the recording data 
continuing without a discontinuity to an end of the re- 
corded data recorded immediately before the interrup- 
tion of the data recording. 

[0154] Moreover, the motor driver 14, the servo circuit 
1 5, the CPU 1 8 and the like function as a rate changing 
means for changing the recording rate so as not to in- 
crease the ATIP error rate when resuming the recording 
by the data recording resuming means described 
above. 

[0155] The motor driver 14, the servo circuit 15, the 
CPU 18 and the like also function as a control means. 
If the ATIP error rate output from the ATIP error meas- 
uring means increases and a number of times the in- 
crease of the ATIP error rate is detected by the servo 
error generation detecting means described above is 
less than a predetermined number when resuming the 
recording by the data recording resuming means de- 
scribed above, the control means resumes the record- 
ing of the recording data at a recording rate identical to 
the recording rate immediately before the recording is 
interrupted. On the other hand, if the number of times 
the increase of the ATIP error rate is detected is greater 
than or equal to the predetermined number, the control 
means changes the recording rate so as not to increase 
the ATIP error rate. 

(2-1)Data Recording Process of Sixth Embodiment: 

[0156] FIG. 6 is a flow chart for explaining a data re- 
cording process of the sixth embodiment of the optical 
disk unit shown in FIG. 1. FIG. 6 shows the interruption 
and resuming of the recording when the increase of the 
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ATIP error is detected during the data recording in the 
optical disk unit shown in FIG. 1. 
[0157] The data recording process starts from a step 
S61 which carries out a write start operation. A step S62 
carries out a disk write operation to start the data record- 
ing. A step S63 receives the data from the host compu- 
ter, so as to detect the ATIP signal, decode the ATIP 
signal to reproduce the information included in the ATIP 
signal and to detect the ATIP error, and to measure the 
ATIP error rate. A step S64 decides whether or not the 
ATIP error rate has increased and is large. 
[0158] If the decision result in the step S64 is NO, a 
step S65 decides whether or not a data write operation 
is ended. If the decision result in the step S65 is NO, the 
process returns to the step S62 to continue the data 
write operation. On the other hand, if the decision result 
in the step S65 is YES, a step S66 carries out a write 
stop operation to end the data recording, and the proc- 
ess ends. 

[0159] In addition, if the decision result in the step S64 
is YES, a step S67 carries out a write pause operation 
to temporarily interrupt the data write with respect to the 
optical disk 1 . A step S68 carries out a write restart op- 
eration to resume the data write operation with respect 
to the optical disk 1 in synchronism with the recorded 
data already recorded on the optical disk 1 . The process 
returns to the step S63 after the step S68, so as to con- 
tinue the data write operation. Hence, the recording data 
continuing to the end of the recorded data recorded im- 
mediately before the recording was interrupted is re- 
corded so that there is no discontinuity with the recorded 
data recorded immediately before the recording was in- 
terrupted. 

[01 60] Therefore, even if the ATIP error rate increases 
during the data recording, it is possible to continuously 
record the recording data without a discontinuity, and 
without generating a recording error. 

(2-2)Data Recording Process of Seventh Embodiment: 

[0161] FIG. 7 is a flow chart for explaining a data re- 
cording process of the seventh embodiment of the op- 
tical disk unit shown in FIG. 1 . 

[0162] The data recording process starts from a step 
S71 which carries out a write start operation. A step S72 
carries out a disk write operation to start the data record- 
ing. A step S73 receives the data from the host compu- 
ter, so as to detect the ATIP signal, decode the ATIP 
signal to reproduce the information included in the ATIP 
signal and to detect the ATIP error, and to measure the 
ATIP error rate. A step S74 decides whether or not the 
ATIP error rate has increased and is large. 
[0163] If the decision result in the step S74 is NO, a 
step S75 decides whether or not a data write operation 
is ended. If the decision result in the step S75 is NO, the 
process returns to the step S72 to continue the data 
write operation. On the other hand, if the decision result 
in the step S75 is YES, a step S76 carries out a write 
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stop operation to end the data recording, and the proc- 
ess ends. 

[0164] In addition, if the decision result in the step S74 
is YES, a step S77 carries out a write pause operation 
to temporarily interrupt the data write with respect to the 
optical disk 1 . A step S78 temporarily carries out a seek 
operation, to move the carriage by a carriage moving 
operation of the optical disk unit so as to change the lens 
position. Then, a step S79 carries out a write restart op- 
eration to resume the data write operation with respect 
to the optical disk 1 in synchronism with the recorded 
data already recorded on the optical disk 1 . The process 
returns to the step S73 after the step S79, so as to con- 
tinue the data write operation. Hence, the recording data 
continuing to the end of the recorded data recorded im- 
mediately before the recording was interrupted is re- 
corded so that there is no discontinuity with the recorded 
data recorded immediately before the recording was in- 
terrupted. 

[0165] When the increase of the ATIP error rate is 
caused by the relative position (hereinafter referred to 
as a lens position) of the objective lens of the optical 
pickup with respect to the carriage which moves the ob- 
jective lens, the actuator and the like in a radial direction 
of the optical disk 1, the lens position remains virtually 
under the same condition if the carriage does not move, 
even when the write pause operation is temporarily car- 
ried out before carrying out the write restart operation 
as described above in conjunction with the flow chart 
shown in FIG. 6. In this case, the ATIP error rate increas- 
es again, to cause the process to enter a loop of the 
write pause and restart operations. 
[0166] On the other hand, in the flow chart shown in 
FIG. 7, if the increase of the ATIP error rate is detected 
and the ATIP error rate is large in the step S74, the step 
S77 carries out the write pause operation which is fol- 
lowed by the temporary seek operation of the step S78. 
By this seek operation, the lens position is changed by 
moving the carriage from the position where the ATIP 
error rate was large, before the step S79 carries out the 
write restart operation. As a result, the write restart op- 
eration is prevented from being started from the lens po- 
sition where the ATIP error rate is large, and the number 
of times the process enters the loop of the write pause 
and restart operations is reduced. Consequently, it is 
possible to stably carry out the data recording (write). 
[0167] Therefore, it is possible to avoid an increase of 
the ATIP error rate caused by the lens position during 
the data recording, and it is possible to carry out a stable 
data recording and to avoid the increase of the ATIP er- 
ror rate caused by the lens position. 

(2-3)Data Recording Process of Eighth Embodiment: 

[0168] FIG. 8 is a flow chart for explaining a data re- 
cording process of the eighth embodiment of the optical 
disk unit shown in FIG. 1. 

[0169] The data recording process starts from a step 
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S81 which carries out a write start operation. A step S82 
carries out a disk write operation to start the data record- 
ing. A step S83 receives the data from the host compu- 
ter, so as to detect the ATIP signal, decode the ATIP 

5 signal to reproduce the information included in the ATIP 
signal and to detect the ATIP error, and to measure the 
ATIP error rate. A step S84 decides whether or not the 
ATIP error rate has increased and is large. 
[0170] If the decision result in the step S84 is NO, a 

10 step S85 decides whether or not a data write operation 
is ended. If the decision result in the step S85 is NO, the 
process returns to the step S82 to continue the data 
write operation. On the other hand, if the decision result 
in the step S85 is YES, a step S86 carries out a write 

15 stop operation to end the data recording, and the proc- 
ess ends. 

[0171] In addition, if the decision result in the step S84 
is YES, a step S87 carries out a write pause operation 
to temporarily interrupt the data write with respect to the 
20 optical disk 1 . A step S88 temporarily carries out a seek 
operation, to move the carriage by a carriage moving 
operation of the optical disk unit so as to change the lens 
position. 

[0172] Then, a step S89 changes the write rate to a 
25 write rate (recording rate) which does not increase the 
ATIP error rate. A step S90 carries out a write restart 
operation to resume the data write operation with re- 
spect to the optical disk 1 in synchronism with the re- 
corded data already recorded on the optical disk 1 . The 
30 process returns to the step S83 after the step S90, so 
as to continue the data write operation. Hence, the re- 
cording data continuing to the end of the recorded data 
recorded immediately before the recording was inter- 
rupted is recorded so that there is no discontinuity with 
35 the recorded data recorded immediately before the re- 
cording was interrupted. 

[0173] When the increase of the ATIP error rate is 
caused by the rotational speed of the optical disk 1 to 
which the data are to be recorded, the increase of the 

40 ATIP error rate can be avoided by changing the rotation- 
al speed of the optical disk 1 . Consequently, it is possible 
to stably carry out the data recording (write) without hav- 
ing to enter the loop which repeats the write pause and 
restart operations. 

45 [0174] Therefore, when an increase of the ATIP error 
rate during the data recording is caused by the rotational 
speed of the optical disk 1 , it is possible to avoid the 
increase of the ATIP error rate by changing the rotational 
speed of the optical disk 1 , and it is possible to carry out 

50 a stable data recording and to avoid the cause which 
increases the ATIP error rate. 

(2-4)Data Recording Process of Ninth Embodiment: 

55 [0175] FIG. 9 is a flow chart for explaining a data re- 
cording process of the ninth embodiment of the optical 
disk unit shown in FIG. 1 . 

[0176] The data recording process starts from a step 
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S91 which carries out a write start operation and initially 
sets an error loop number Z2 toZ2=0. A step S92 carries 
out a disk write operation to start the data recording. A 
step S93 receives the data from the host computer, so 
as to detect the ATIP signal, decode the ATIP signal to 5 
reproduce the information included in the ATIP signal 
and to detect the ATIP error, and to measure the ATIP 
error rate. A step S94 decides whether or not the ATIP 
error rate has increased and is large. 
[0177] If the decision result in the step S94 is NO, a 
step S95 decides whether or not a data write operation 
is ended. If the decision result in the step S95 is NO, the 
process returns to the step S92 to continue the data 
write operation. On the other hand, if the decision result 
in the step S95 is YES, a step S96 carries out a write 
stop operation to end the data recording, and the proc- 
ess ends. 

[0178] In addition, if the decision result in the step S94 
is YES, the error loop number Z2 is incremented to 
Z2=Z2+1, and a step S97 carries out a write pause op- 
eration to temporarily interrupt the data write with re- 
spect to the optical disk 1 . A step S98 temporarily carries 
out a seek operation, to move the carriage by a carriage 
moving operation of the optical disk unit so as to change 
the lens position, before advancing to a step S99. 
[0179] The step S99 decides whether or not the error 
loop number Z2 is less than a predetermined number 
X2 which is preset, that is, whether or not Z2<X2. If the 
decision result in the step S99 is YES, a step S1 00 car- 
ries out a write restart operation to resume the data write 
operation with respect to the optical disk 1 in synchro- 
nism with the recorded data already recorded on the op- 
tical disk 1 , without changing the write rate. The process 
returns to the step S93 after the step S100, so as to 
continue the data write operation. Hence, the recording 
data continuing to the end of the recorded data recorded 
immediately before the recording was interrupted is re- 
corded so that there is no discontinuity with the recorded 
data recorded immediately before the recording was in- 
terrupted. 

[0180] On the other hand, if the decision result in the 
step S99 is NO, a step S101 changes the write rate to 
a write rate (recording rate) which does not increase the 
ATIP error rate, and the process advances to the step 
S1 00. The step S1 00 carries out a write restart operation 
to resume the data write operation with respect to the 
optical disk 1 in synchronism with the recorded data al- 
ready recorded on the optical disk 1, with the changed 
write rate. The process returns to the step S93 after the 
step S100, so as to continue the data write operation. 
Hence, the recording data continuing to the end of the 
recorded data recorded immediately before the record- 
ing was interrupted is recorded so that there is no dis- 
continuity with the recorded data recorded immediately 
before the recording was interrupted. 55 
[0181] Accordingly, the write operation is carried out 
at the initially set write rate until it is judged that the ATIP 
error rate is large a predetermined number of times, and 



the write rate will not be changed unnecessarily every 
time it is judged that the ATIP error rate is large, to there- 
by prevent the write time from becoming unnecessarily 
long. 

[01 82] Furthermore, when the increase of the ATIP er- 
ror rate is detected consecutively, it is possible to carry 
out a stable write operation by changing the write rate. 
[01 83] Accordingly, when the increase of the ATIP er- 
ror rate is detected the predetermined number of times 
or greater (at least two or more times) during the data 
recording, it is possible to carry out the data recording 
stably at a high speed as much as possible, without 
greatly decreasing the recording rate when changing 
the recording rate. Hence, the increase of the ATIP error 
rate dependent on the rotational speed of the optical 
disk 1 can be avoided. 

(3) Tenth Through Fifteenth Embodiments: 

[0184] FIG. 10 is a system block diagram for explain- 
ing tenth through fifteenth embodiments of the informa- 
tion storage apparatus according to the present inven- 
tion. In the tenth through fifteenth embodiments, the 
present invention is applied to an optical disk unit. In 
FIG. 10, those parts which are the same as those cor- 
responding parts in FIG. 1 are designated by the same 
reference numerals, and a description thereof will be 
omitted. 

[01 85] In the tenth through fifteenth embodiments, the 
optical disk unit shown in FIG. 1 0 is further provided with 
a shock sensor 20 in addition to the elements of the op- 
tical disk unit shown in FIG. 1. 

[01 86] The shock sensor 20 detects a shock, vibration 
or the like applied to the optical disk unit when carrying 
out the data recording, data reproduction or data eras- 
ure. The detected shock, vibration or the like is notified 
from the shock sensor 20 to the CPU 18. 
[01 87] When recording the data in the optical disk unit 
of the tenth through fifteenth embodiments, the data 
transferred from the host computer and received by the 
ATAPI/SCSI interface 13 are temporarily stored in the 
buffer RAM 8 by the buffer manager 9. 
[01 88] The recording is started when a certain amount 
of data is stored in the buffer RAM 8, but before starting 
the recording, the laser spot is positioned to a write start 
position on the optical disk 1 . The write start position is 
obtained from a wobble signal which is prerecorded in 
the form of a wave-shaped track on the optical disk 1 . 
The wobble signal includes absolute time information 
called ATIP, and the ATIP information is obtained by the 
ATIP decoder 7. 

[0189] A synchronizing signal generated from the 
ATIP decoder 7 is input to the CD encoder 5, so that the 
data can be written at an accurate position. 
[0190] The data stored in the buffer RAM 8 are sub- 
jected to processes, such as adding an error correction 
code and interleaving, in the CD-ROM encoder 6 and 
the CD encoder 5, and is recorded on the optical disk 1 
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via the laser control circuit 4 and the optical pickup 3. 
[0191] When the shock, vibration or the like is applied 
to the optical disk unit during the data recording, a re- 
cording error may be generated due to an off-servo state 
of the servo circuit 1 5 or a deviation from a synchronized 5 
state. 

[01 92] Particularly in the case of a data recording with 
respect to a write-once optical disk such as the CD-R, 
when the recording error is generated, the recorded op- 
tical disk cannot be reused and is thus wasted. 10 
[0193] Accordingly, when the CPU 1 8 detects that the 
shock sensor 20 has detected the shock, vibration or 
the like, the CPU 18 temporarily interrupts the data re- 
cording. When the shock, vibration or the like is no long- 
er detected, the CPU 1 8 synchronizes the recording da- 15 
ta which are to be newly recorded to the recorded data 
already recorded on the optical disk 1 . Furthermore, the 
CPU 18 resumes the data recording of the recording da- 
ta which continues to the recorded data recorded imme- 
diately before the interruption of the recording, from the 20 
recording start position. 

[0194] Therefore, the recording error caused by the 
shock, vibration or the like applied to the optica! disk unit 
during the data recording with respect to the optical disk 
1 is prevented from being generated in the optical disk 25 
unit. 

[0195] In other words, this optical disk unit forms an 
information storage apparatus which can record, repro- 
duce and/or erase information with respect to a record- 
ing medium. 30 
[01 96] The shock sensor 20 functions as a shock and 
vibration detecting means for detecting the shock, vibra- 
tion or the like applied with respect to the information 
storage apparatus. 

[01 97] Furthermore, the CPU 1 8 and the like function 35 
as a data recording resuming means. When the shock 
and vibration detecting means described above detects 
the shock, vibration or the like while recording data on 
the recording medium, this data recording resuming 
means temporarily interrupts the data recording with re- 40 
spect to the recording medium, and when the shock and 
vibration detecting means no longer detects the shock, 
vibration or the like, synchronizes the recording data to 
the recorded data already recorded on the recording 
medium, and resumes recording of the recording data 45 
continuing without a discontinuity to an end of the re- 
corded data recorded immediately before the interrup- 
tion of the data recording. 

[0198] Moreover, the motor driver 14, the servo circuit 
15, the CPU 18 and the like function as a rate changing 50 
means for changing the recording rate so as not to gen- 
erate the shock, vibration or the like when resuming the 
recording by the data recording resuming means de- 
scribed above. 

[0199] The motor driver 14, the servo circuit 15, the 55 
CPU 18 and the like also function as a control means. 
If the number of times the shock, vibration or the like is 
detected by the shock and vibration detecting means 
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described above is less than a predetermined number 
when resuming the recording by the data recording re- 
suming means described above, the control means 
resumes the recording of the recording data at a record- 
ing rate identical to the recording rate immediately be- 
fore the recording is interrupted. On the other hand, if 
the number of times the shock, vibration or the like is 
detected is greater than or equal to the predetermined 
number, the control means changes the recording rate 
so as not to generate the shock, vibration or the like. 
[0200] In addition, the shock sensor 20 functions as 
a means for detecting the shock, vibration or the like 
based on the tracking error signal, the focus error signal 
or a reflectivity detection signal. 

(3-1)Data Recording Process of Tenth Embodiment: 

[0201] FIG. 11 is a flow chart for explaining a data re- 
cording process of the tenth embodiment of the optical 
disk unit shown in FIG. 10. FIG. 6 shows the interruption 
and resuming of the recording when the shock, vibration 
or the like is detected during the data recording in the 
optical disk unit shown in FIG. 10. 
[0202] The data recording process starts from a step 

5111 which carries out a write start operation. A step 

5112 carries out a disk write operation to start the data 
recording. A step S113 receives the data from the host 
computer, and a step S114 decides whether or not a 
shock, vibration or the like is detected by the shock sen- 
sor 20. 

[0203] If the decision result in the step S114 is NO, a 
step S1 1 5 decides whether or not a data write operation 
is ended. If the decision result in the step S115 is NO, 
the process returns to the step S112 to continue the data 
write operation. On the other hand, if the decision result 
in the step S115 is YES, a step S116 carries out a write 
stop operation to end the data recording, and the proc- 
ess ends. 

[0204] In addition, if the decision result in the step 
S114 is YES, a step S117 carries out a write pause op- 
eration to temporarily interrupt the data write with re- 
spect to the optical disk 1 . A step S1 18 decides whether 
or not the shock, vibration or the like is no longer detect- 
ed from the output of the shock sensor 20. 
[0205] If the shock, vibration or the like is no longer 
detected and the decision result in the step S118 be- 
comes YES, a step S119 carries out a write restart op- 
eration to resume the data write operation with respect 
to the optical disk 1 in synchronism with the recorded 
data already recorded on the optical disk 1 . The process 
returns to the step S113 after the step S119, so as to 
continue the data write operation. Hence, the recording 
data continuing to the end of the recorded data recorded 
immediately before the recording was interrupted is re- 
corded so that there is no discontinuity with the recorded 
data recorded immediately before the recording was in- 
terrupted. 

[0206] Therefore, even if the shock, vibration or the 
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tike is applied to the optical disk unit during the data re- 
cording, it is possible to continuously record the record- 
ing data without a discontinuity, and without generating 
a recording error. 

(3-2)Data Recording Process of Eleventh Embodiment: 

[0207] FIG. 1 2 is a flow chart for explaining a data re- 
cording process of the eleventh embodiment of the op- 
tical disk unit shown in FIG. 10. 
[0208] The data recording process starts from a step 

5121 which carries out a write start operation. A step 

5122 carries out a disk write operation to start the data 
recording. A step S123 receives the data from the host 
computer, and a step S124 decides whether or not a 
shock, vibration or the like is detected by the shock sen- 
sor 20. 

[0209] If the decision result in the step S1 24 is NO, a 
step S1 25 decides whether or not a data write operation 
is ended. If the decision result in the step S125 is NO, 
the process returns to the step S122 to continue the data 
write operation. On the other hand, if the decision result 
in the step S125 is YES, a step S126 carries out a write 
stop operation to end the data recording, and the proc- 
ess ends. 

[0210] In addition, if the decision result in the step 
S124 is YES, a step S127 carries out a write pause op- 
eration to temporarily interrupt the data write with re- 
spect to the optical disk 1 . A step S1 28 decides whether 
or not the shock, vibration or the like is no longer detect- 
ed from the output of the shock sensor 20. 
[0211] If the shock, vibration or the like is no longer 
detected and the decision result in the step S128 be- 
comes YES, a step S1 29 changes the write rate (record- 
ing rate) so as not to generate the shock, vibration or 
the like. Then, a step S130 carries out a write restart 
operation to resume the data write operation with re- 
spect to the optical disk 1 in synchronism with the re- 
corded data already recorded on the optical disk 1 . The 
process returns to the step S123 after the step S1 30, so 
as to continue the data write operation. Hence, the re- 
cording data continuing to the end of the recorded data 
recorded immediately before the recording was inter- 
rupted is recorded so that there is no discontinuity with 
the recorded data recorded immediately before the re- 
cording was interrupted. 

[021 2] In a case where the shock, vibration or the like 
is caused by the rotational speed of the optical disk 1 , 
even if the write pause operation is temporarily carried 
out and the write restart operation is carried out after the 
shock, vibration or the like is no longer detected as in 
the case of the flow chart shown in FIG. 11 , the shock, 
vibration or the like will be generated again if the condi- 
tions match, and the process will enter the loop of the 
write pause and restart operations. 
[0213] But when the write rate is changed when the 
shock, vibration or the like is detected in the step S124 
as shown in the flow chart of FIG. 12, it is possible to 



avoid the shock, vibration or the like caused by the ro- 
tational speed of the optical disk 1. As a result, the 
number of times the process enters the loop of the write 
pause and restart operations is reduced, and it is pos- 
sible to carry out a stable data recording (write). 
[0214] Therefore, even if the shock, vibration or the 
like is applied to the optical disk unit during the data re- 
cording is caused by the rotational speed of the optical 
disk 1 , it is possible to stably record the recording data 
without generating the shock, vibration or the like. 

(3-3)Data Recording Process of Twelfth Embodiment: 

[0215] FIG. 13 is a flow chart for explaining a data re- 
cording process of the twelfth embodiment of the optical 
disk unit shown in FIG. 10. 

[0216] The data recording process starts from a step 

5131 which carries out a write start operation and ini- 
tially sets a shock detection number Z3 to Z3=0. A step 

5132 carries out a disk write operation to start the data 
recording. A step S133 receives the data from the host 
computer, and a step S134 decides whether or not a 
shock, vibration or the like is detected by the shock sen- 
sor 20. 

[0217] If the decision result in the step S134 is NO, a 
step S1 35 decides whether or not a data write operation 
is ended. If the decision result in the step S135 is NO, 
the process returns to the step S1 32 to continue the data 
write operation. On the other hand, if the decision result 
in the step S 135 is YES, a step S136 carries out a write 
stop operation to end the data recording, and the proc- 
ess ends. 

[0218] In addition, if the decision result in the step 
S1 34 is YES, a step S1 37 carries out a write pause op- 
eration to temporarily interrupt the data write with re- 
spect to the optical disk 1 . A step S1 38 decides whether 
or not the shock, vibration or the like is no longer detect- 
ed from the output of the shock sensor 20. 
[0219] if the shock, vibration or the like is no longer 
detected and the decision result in the step S1 38 be- 
comes YES, the process advances to a step S139. 
[0220] The step S139 decides whether or not the 
shock detection number 23 is less than a predetermined 
number X3 which is preset, that is, whether or not 
Z3<X3. If the decision result in the step S139 is YES, a 
step S140 carries out a write restart operation to resume 
the data write operation with respect to the optical disk 
1 in synchronism with the recorded data already record- 
ed on the optical disk 1 , without changing the write rate. 
The process returns to the step S133 after the step 
S140, so as to continue the data write operation. Hence, 
the recording data continuing to the end of the recorded 
data recorded immediately before the recording was in- 
terrupted is recorded so that there is no discontinuity 
with the recorded data recorded immediately before the 
recording was interrupted. 

[0221] On the other hand, if the decision result in the 
step S139 is NO, a step S141 changes the write rate 
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(recording rate) so as not to generate the shock, vibra- 
tion or the like. 

[0222] After the step S141, the process advances to 
the step S140 which carries out a write restart operation 
to resume the data write operation with respect to the 5 
optical disk 1 in synchronism with the recorded data al- 
ready recorded on the optical disk 1, with the changed 
write rate. The process returns to the step S133 after 
the step S1 40, so as to continue the data write opera- 
tion. Hence, the recording data continuing to the end of 10 
the recorded data recorded immediately before the re- 
cording was interrupted is recorded so that there is no 
discontinuity with the recorded data recorded immedi- 
ately before the recording was interrupted. 
[0223] Accordingly, the write operation is carried out *5 
at the initially set write rate until the shock, vibration or 
the like is detected the predetermined number of times, 
and the write rate will not be changed unnecessarily 
every time the shock, vibration or the like is detected, to 
thereby prevent the write time from becoming unneces- 20 
sarily long. 

[0224] Furthermore, when the shock, vibration or the 
like is detected consecutively, it is possible to carry out 
a stable write operation by changing the write rate. 
[0225] Accordingly, when the shock, vibration or the 25 
like is detected the predetermined number of times or 
greater during the data recording, it is possible to carry 
out the data recording stably at a high speed as much 
as possible, without greatly decreasing the recording 
rate when changing the recording rate. Hence, the 30 
cause which generates the shock, vibration or the like 
can be eliminated. 

(3-4)Data Recording Process of Thirteenth 
Embodiment: 35 

[0226] A data recording process of the thirteenth em- 
bodiment is basically the same as the data recording 
process shown in FIG. 1 1 , 1 2 or 1 3, except for the shock 
detection process which detects the shock, vibration or 40 
the like. 

[0227] In the data recording process of this thirteenth 
embodiment, the shock detection process of the steps 
S114 and S118 shown in FIG. 11, the steps S124 and 
S128 shown in FIG. 12, or the steps S134 and S138 45 
shown in FIG. 13 is carried out based on the tracking 
error signal which is obtained from the servo circuit 15 
shown in FIG. 10. 

[0228] Normally, the tracking error signal during a sta- 
ble data recording in the optical disk unit has a constant 50 
value. But when the shock, vibration or the like is applied 
to the optical disk unit, the tracking error signal is dis- 
torted, and a signal level of the tracking error signal may 
change. 

[0229] Accordingly, it is judged that the shock, vibra- 55 
tion or the like is detected when the tracking error signal 
is offset by a predetermined threshold value from a sig- 
nal level of the tracking error signal during the stable 
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data recording. When the shock, vibration or the like is 
detected in this manner, the data recording is temporar- 
ily interrupted, and when the shock, vibration or the like 
is no longer detected, the recording data which are to 
be newly recorded are synchronized to the recorded da- 
ta already recorded on the optical disk 1 . Furthermore, 
the data recording of the recording data which continues 
to the recorded data recorded immediately before the 
interruption of the recording, is resumed from the re- 
cording start position. As a result, it is possible to carry 
out a stable data recording, by preventing the data to be 
recorded on the optical disk 1 in an off-servo state. 
[0230] In other words, the shock, vibration or the like 
during the data recording can be detected based on the 
tracking error signal, without having to provide a redun- 
dant circuit such as the shock sensor, thereby making it 
possible to provide an inexpensive optical disk unit hav- 
ing a simple structure. 

(3-5)Data Recording Process of Fourteenth 
Embodiment: 

[0231 ] A data recording process of the fourteenth em- 
bodiment is basically the same as the data recording 
process shown in FIG. 11, 12 or 13, except for the shock 
detection process which detects the shock, vibration or 
the like and is further different from the thirteenth em- 
bodiment. 

[0232] In the data recording process of this fourteenth 
embodiment, the shock detection process of the steps 
S114 and S118 shown in FIG. 11, the steps S124 and 
S128 shown in FIG. 12, or the steps S134 and S138 
shown in FIG. 1 3 is carried out based on the focus error 
signal which is obtained from the servo circuit 15 shown 
in FIG. 10. 

[0233] Normally, the focus error signal during a stable 
data recording in the optical disk unit has a constant val- 
ue. But when the shock, vibration or the like is applied 
to the optical disk unit, the focus error signal is distorted, 
and a signal level of the focus error signal may change. 
[0234] Accordingly, it is judged that the shock, vibra- 
tion or the like is detected when the focus error signal is 
offset by a predetermined threshold value from a signal 
level of the focus error signal during the stable data re- 
cording. When the shock, vibration or the like is detected 
in this manner, the data recording is temporarily inter- 
rupted, and when the shock, vibration or the like is no 
longer detected, the recording data which are to be new- 
ly recorded are synchronized to the recorded data al- 
ready recorded on the optical disk 1 . Furthermore, the 
data recording of the recording data which continues to 
the recorded data recorded immediately before the in- 
terruption of the recording, is resumed from the record- 
ing start position. As a result, it is possible to carry out 
a stable data recording, by preventing the data to be re- 
corded on the optical disk 1 in an off-servo state. 
[0235] In other words, the shock, vibration or the like 
during the data recording can be detected based on the 
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focus error signal, without having to provide a redundant 
circuit such as the shock sensor, thereby making it pos- 
sible to provide an inexpensive optical disk unit having 
a simple structure. 

(3-6)Data Recording Process of Fifteenth Embodiment: 

[0236] A data recording process of the fifteenth em- 
bodiment is basically the same as the data recording 
process shown in FIG. 11 , 12 or 13, except for the shock 
detection process which detects the shock, vibration or 
the like and is further different from the thirteenth and 
fourteenth embodiments. 

[0237] In the data recording process of this fifteenth 
embodiment, the shock detection process of the steps 
S114 and S118 shown in FIG. 11, the steps S124 and 
S128 shown in FIG. 12, or the steps S134 and S138 
shown in FIG. 13 is carried out based on the reflectivity 
detection signal which is obtained from the servo circuit 
15 shown in FIG. 10. 

[0238] Normally, the reflectivity detection signal dur- 
ing a stable data recording in the optical disk unit has a 
constant value. But when the shock, vibration or the like 
is applied to the optical disk unit, the reflectivity detec- 
tion signal is distorted, and a signal level of the reflec- 
tivity detection signal may change. 
[0239] Accordingly, it is judged that the shock, vibra- 
tion or the like is detected when the reflectivity detection 
signal is offset by a predetermined threshold value from 
a signal level of the reflectivity detection signal during 
the stable data recording. When the shock, vibration or 
the like is detected in this manner, the data recording is 
temporarily interrupted, and when the shock, vibration 
or the like is no longer detected, the recording data 
which are to be newly recorded are synchronized to the 
recorded data already recorded on the optical disk 1 . 
Furthermore, the data recording of the recording data 
which continues to the recorded data recorded immedi- 
ately before the interruption of the recording, is resumed 
from the recording start position. As a result, it is possi- 
ble to carry out a stable data recording, by preventing 
the data to be recorded on the optical disk 1 in an off- 
servo state. 

[0240] In other words, the shock, vibration or the like 
during the data recording can be detected based on the 
reflectivity detection signal, without having to provide a 
redundant circuit such as the shock sensor, thereby 
making it possible to provide an inexpensive optical disk 
unit having a simple structure. 

(4) Sixteenth Through Nineteenth Embodiments: 

[0241] FIG. 14 is a system block diagram for explain- 
ing sixteenth through nineteenth embodiments of the in- 
formation storage apparatus according to the present 
invention. In the sixteenth through nineteenth embodi- 
ments, the present invention is applied to an optical disk 
unit. In FIG. 14, those parts which are the same as those 



corresponding parts in FIG. 1 are designated by the 
same reference numerals, and a description thereof will 
be omitted. 

[0242] In the sixteenth through nineteenth embodi- 
5 ments, the optical disk unit shown in FIG. 14 is further 
provided with a temperature sensor 21 in addition to the 
elements of the optical disk unit shown in FIG. 1. 
[0243] The temperature sensor 21 detects a temper- 
ature within the optical disk unit when carrying out the 
10 data recording, data reproduction or data erasure. The 
detected temperature is notified from the temperature 
sensor 21 to the CPU 18. 

[0244] When recording the data in the optical disk unit 
of the tenth through fifteenth embodiments, the data 
15 transferred from the host computer and received by the 
ATAPI/SCSI interface 13 are temporarily stored in the 
buffer RAM 8 by the buffer manager 9. 
[0245] The recording is started when a certain amount 
of data is stored in the buffer RAM 8, but before starting 
the recording, the laser spot is positioned to a write start 
position on the optical disk 1 . The write start position is 
obtained from a wobble signal which is prerecorded in 
the form of a wave-shaped track on the optical disk 1 . 
The wobble signal includes absolute time information 
called ATIP, and the ATIP information is obtained by the 
ATIP decoder 7. 

[0246] A synchronizing signal generated from the 
ATIP decoder 7 is input to the CD encoder 5, so that the 
data can be written at an accurate position. 
[0247] The data stored in the buffer RAM 8 are sub- 
jected to processes, such as adding an error correction 
code and interleaving, in the CD-ROM encoder 6 and 
the CD encoder 5, and is recorded on the optical disk 1 
via the laser control circuit 4 and the optical pickup 3. 
[0248] When the temperature becomes high within 
the optical disk unit during the data recording, a light 
utilization efficiency of the laser diode (or light emitting 
element, not shown) included in the optical pickup 3 
changes, to thereby deteriorate the recording quality of 
the data or generate a recording error. 
[0249] In order to main a satisfactory recording qual- 
ity, it becomes necessary to increase the light emission 
power of the laser diode, which results in shortening the 
serviceable life of the laser diode. 
[0250] Particularly in the case of a data recording with 
respect to a write-once optical disk such as the CD-R, 
when the recording error is generated, the recorded op- 
tical disk cannot be reused and is thus wasted. 
[0251] Accordingly, when the CPU 18 detects that the 
temperature within the optical disk unit has become high 
based on the output of the temperature sensor 21, vi- 
bration or the like, the CPU 1 8 temporarily interrupts the 
data recording. When the CPU 18 detects that the tem- 
perature within the optical disk unit is no longer high 
based on the output of the temperature sensor 21 , the 
CPU 18 synchronizes the recording data which are to 
be newly recorded to the recorded data already record- 
ed on the optical disk 1. Furthermore, the CPU 18 
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resumes the data recording of the recording data which 
continues to the recorded data recorded immediately 
before the interruption of the recording, from the record- 
ing start position. 

[0252] Therefore, deterioration of the recording qual- 
ity and the recording error caused by the high tempera- 
ture within the optical disk unit during the data recording 
with respect to the optical disk 1 is prevented from being 
generated in the optical disk unit. 
[0253] In other words, this optical disk unit forms an 
information storage apparatus which can record, repro- 
duce and/or erase information with respect to a record- 
ing medium. 

[0254] The temperature sensor 21 functions as a tem- 
perature measuring means for measuring the tempera- 
ture within the information storage apparatus. 
[0255] Furthermore, the CPU 1 8 and the like function 
as a data recording resuming means. When the temper- 
ature measuring means described above measures a 
high temperature which is greater than or equal to a pre- 
determined temperature while recording data on the re- 
cording medium, this data recording resuming means 
temporarily interrupts the data recording with respect to 
the recording medium, and when the temperature 
measured by the temperature measuring means be- 
comes less than the predetermined temperature, syn- 
chronizes the recording data to the recorded data al- 
ready recorded on the recording medium, and resumes 
recording of the recording data continuing without a dis- 
continuity to an end of the recorded data recorded im- 
mediately before the interruption of the data recording. 
[0256] In addition, the CPU 18 and the like functions 
as a means for detecting a high temperature state when 
a difference between the temperature measured by the 
temperature measuring means described above during 
the data recording and an initial temperature measured 
before the start of the data recording exceeds a prede- 
termined threshold value. 

[0257] Moreover, the motor driver 1 4, the servo circuit 
15, the CPU 18 and the like function as a rate changing 
means for changing the recording rate so as not to gen- 
erate the high temperature state when resuming the re- 
cording by the data recording resuming means de- 
scribed above. 

[0258] The motor driver 14, the servo circuit 15, the 
CPU 18 and the like also function as a control means. 
If the number of times the high temperature state de- 
scribed above is detected is less than a predetermined 
number when resuming the recording by the data re- 
cording resuming means described above, the control 
means resumes the recording of the recording data at 
a recording rate identical to the recording rate immedi- 
ately before the recording is interrupted. On the other 
hand, if the number of times the high temperature state 
is detected is greater than or equal to the predetermined 
number, the control means reduces the recording rate 
in steps so as not to generate the high temperature 
state. 



(4-1 )Data Recording Process of Sixteenth Embodiment: 

[0259] FIG. 1 5 is a flow chart for explaining a data re- 
cording process of the sixteenth embodiment of the op- 

5 tical disk unit shown in FIG. 14. FIG. 15 shows the in- 
terruption and resuming of the recording when the high 
temperature state is detected during the data recording 
in the optical disk unit shown in FIG. 14. 
[0260] The data recording process starts from a step 

10 S151 which carries out a write start operation. A step 
S152 carries out a disk write operation to start the data 
recording. A step S153 receives the data from the host 
computer, and a step S154 decides whether or not a 
high temperature state is detected by the temperature 

15 sensor 21. 

[0261] If the decision result in the step S154 is NO, a 
step S1 55 decides whether or not a data write operation 
is ended. If the decision result in the step S155 is NO, 
the process returns to the step S1 52 to continue the data 

20 write operation. On the other hand, if the decision result 
in the step S1 55 is YES, a step S1 56 carries out a write 
stop operation to end the data recording, and the proc- 
ess ends. 

[0262] In addition, if the decision result in the step 

25 S1 54 is YES, a step S1 57 carries out a write pause op- 
eration to temporarily interrupt the data write with re- 
spect to the optical disk 1 . A step S1 58 decides whether 
or not the high temperature state is no longer detected 
from the output of the temperature sensor 21 . 

30 [0263] If the high temperature state is no longer de- 
tected and the decision result in the step S1 58 becomes 
YES, a step S159 carries out a write restart operation 
to resume the data write operation with respect to the 
optical disk 1 in synchronism with the recorded data al- 

35 ready recorded on the optical disk 1 . The process re- 
turns to the step S1 53 after the step S159, so as to con- 
tinue the data write operation. Hence, the recording data 
continuing to the end of the recorded data recorded im- 
mediately before the recording was interrupted is re- 

40 corded so that there is no discontinuity with the recorded 
data recorded immediately before the recording was in- 
terrupted. 

[0264] Therefore, even if the temperature within the 
optical disk unit becomes high during the data recording, 
45 it is possible to continuously record the recording data 
with a stable quality without a discontinuity, and without 
generating a recording error. 

(4-2)Data Recording Process of Seventeenth 
50 Embodiment: 

[0265] FIG. 16 is a flow chart for explaining a data re- 
cording process of the seventeenth embodiment of the 
optical disk unit shown in FIG. 14. 
55 [0266] The data recording process starts from a step 
S161 which measures an initial temperature Tini within 
the optical disk unit by the temperature sensor 21 before 
the start of the data recording. A step S162 carries out 
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a write start operation, and a step S163 carries out a 
disk write operation to start the data recording. A step 
S164 receives the data from the host computer, and a 
step S165 measures the temperature by the tempera- 
ture sensor 21 during the data recording, and calculates 
a temperature deviation AT=T-T1ni which is a difference 
between the temperature T measured during the data 
recording and the initial temperature Tini. The process 
then advances to a step S166. 

[0267] The step S 1 66 decides whether or not the tem- 
perature deviation AT is smaller than a predetermined 
temperature threshold value A which is preset. If the de- 
cision result in the step S166 is YES, a step S167 de- 
cides whether or not a data write operation is ended. If 
the decision result in the step S167 is NO, the process 
returns to the step S163 to continue the data write op- 
eration. On the other hand, if the decision result in the 
step S167 is YES, a step S168 carries out a write stop 
operation to end the data recording, and the process 
ends. 

[0268] In addition, if the decision result in the step 
S166 is NO, a step S169 carries out a write pause op- 
eration to temporarily interrupt the data write with re- 
spect to the optical disk 1. A step S170 measures the 
temperature within the optical disk unit again by the tem- 
perature sensor 21 , and calculates the temperature de- 
viation AT similarly as described above. The process 
then advances to a step S171 which decides whether 
or not the temperature deviation AT is smaller than the 
predetermined temperature threshold value A. 
[0269] The process returns to the step S170 if the de- 
cision result in the step S171 is NO. 
[0270] If the decision result in the step S1 71 is YES, 
a step S172 carries out a write restart operation to 
resume the data write operation with respect to the op- 
tical disk 1 in synchronism with the recorded data al- 
ready recorded on the optical disk 1. The process re- 
turns to the step S1 64 after the step S1 72, so as to con- 
tinue the data write operation. Hence, the recording data 
continuing to the end of the recorded data recorded im- 
mediately before the recording was interrupted is re- 
corded so that there is no discontinuity with the recorded 
data recorded immediately before the recording was in- 
terrupted. 

[0271] Therefore, by measuring the temperature of 
the optical disk unit before the start of the data recording, 
it is possible to detect the high temperature state based 
on the temperature deviation from the temperature be- 
fore the start of the data recording when the temperature 
of the optical disk unit rises during the data recording, 
and to control the recording, interruption and resuming 
of the data recording. For this reason, it is possible to 
carry out a stable recording (write) without unnecessar- 
ily interrupting and resuming the data recording, regard- 
less of the temperature state within the optical disk unit 
before the start of the data recording. 
[0272] Hence, by interrupting the data recording when 
the temperature within the optical disk unit changes to 



the high temperature state, regardless of the tempera- 
ture before the start of the data recording, it is possible 
to prevent unnecessary interruption and resuming of the 
data recording every time the temperature rises. In other 
5 words, it is possible to maintain a stable recording qual- 
ity regardless of the temperature at the time when the 
data recording is started. 

(4-3)Data Recording Process of Eighteenth 
10 Embodiment: 

[0273] FIG. 1 7 is a flow chart for explaining a data re- 
cording process of the eighteenth embodiment of the 
optical disk unit shown in FIG. 14. 
15 [0274] The data recording process starts from a step 
S181 which measures an initial temperature Tini within 
the optical disk unit by the temperature sensor 21 before 
the start of the data recording. A step S182 carries out 
a write start operation, and a step S183 carries out a 
20 disk write operation to start the data recording. A step 
S184 receives the data from the host computer, and a 
step S185 measures the temperature by the tempera- 
ture sensor 21 during the data recording, and calculates 
a temperature deviation AT=T-Tini which is a difference 
25 between the temperature T measured during the data 
recording and the initial temperature Tini. The process 
then advances to a step S186. 

[0275] The step S 1 86 decides whether or not the tem- 
perature deviation AT is smaller than a predetermined 
30 temperature threshold value A which is preset. If the de- 
cision result in the step S186 is YES, a step S187 de- 
cides whether or not a data write operation is ended. If 
the decision result in the step S187 is NO, the process 
returns to the step S183 to continue the data write op- 
35 eration. On the other hand, if the decision result in the 
step S187 is YES, a step S188 carries out a write stop 
operation to end the data recording, and the process 
ends. 

[0276] In addition, if the decision result in the step 
40 S186 is NO, a step S189 carries out a write pause op- 
eration to temporarily interrupt the data write with re- 
spect to the optical disk 1. A step S190 measures the 
temperature within the optical disk unit again by the tem- 
perature sensor 21 , and calculates the temperature de- 
45 viation AT similarly as described above. The process 
then advances to a step S191 which decides whether 
or not the temperature deviation AT is smaller than the 
predetermined temperature threshold value A. 
[0277] The process returns to the step S1 90 if the de- 
50 cision result in the step S191 is NO. 

[0278] If the decision result in the step S191 is YES, 
a step S192 reduces the write rate by one step, and the 
process advances to a step S1 93. The step S1 93 carries 
out a write restart operation to resume the data write 
55 operation with respect to the optical disk 1 in synchro- 
nism with the recorded data already recorded on the op- 
tical disk 1. The process returns to the step S184 after 
the step S193, so as to continue the data write opera- 
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tion. Hence, the recording data continuing to the end of 
the recorded data recorded immediately before the re- 
cording was interrupted is recorded so that there is no 
discontinuity with the recorded data recorded immedi- 
ately before the recording was interrupted. 5 
[0279] Therefore, when the temperature rise during 
the data recording is caused by the rotational speed of 
the optical disk 1 , it is possible to avoid the temperature 
from rising again by changing the rotational speed of the 
optical disk 1. As a result, it is possible to carry out a 
stable data recording, and to avoid the cause of the tem- 
perature rise. 

(4-4)Data Recording Process of Nineteenth 
Embodiment: 

[0280] FIG. 1 8 is a flow chart for explaining a data re- 
cording process of the nineteenth embodiment of the 
optical disk unit shown in FIG. 14. 
[0281] The data recording process starts from a step 
S201 which measures an initial temperature Tini within 
the optical disk unit by the temperature sensor 21 before 
the start of the data recording. A step S202 carries out 
a write start operation, and sets a high temperature de- 
tection number Z4 in this state to Z4=0. 
[0282] A step S203 carries out a disk write operation 
to start the data recording. A step S204 receives the da- 
ta from the host computer, and a step S205 measures 
the temperature by the temperature sensor 21 during 
the data recording, and calculates a temperature devi- 
ation AT=T-Tini which is a difference between the tem- 
perature T measured during the data recording and the 
initial temperature Tini. The process then advances to 
a step S206. 

[0283] The step S206 decides whether or not the tem- 
perature deviation AT is smaller than a predetermined 
temperature threshold value A which is preset. If the de- 
cision result in the step S206 is YES, a step S207 de- 
cides whether or not a data write operation is ended. If 
the decision result in the step S207 is NO, the process 
returns to the step S203 to continue the data write op- 
eration. On the other hand, if the decision result in the 
step S207 is YES, a step S208 carries out a write stop 
operation to end the data recording, and the process 
ends. 

[0284] In addition, if the decision result in the step 
S206 is NO, a step S209 increments the high tempera- 
ture detection number Z4 to Z4=Z4+1, and carries out 
a write pause operation to temporarily interrupt the data 
write with respect to the optical disk 1 . 
[0285] A step S210 measures the temperature within 
the optical disk unit again by the temperature sensor 21 , 
and calculates the temperature deviation AT similarly as 
described above. The process then advances to a step 
S21 1 which decides whether or not the temperature de- 
viation AT is smaller than the predetermined tempera- 
ture threshold value A. 

[0286] The process returns to the step S21 0 if the de- 



cision result in the step S211 is NO. 
[0287] If the decision result in the step S2.11 is YES, 
the process advances to a step S212. 
[0288] The step S21 2 decides whether or not the high 
temperature detection number Z4 is less than a prede- 
termined number X4 which is preset. If the decision re- 
sult in the step S212 is YES, a step S213 carries out a 
write restart operation to resume the data write opera- 
tion with respect to the optical disk 1 in synchronism with 
the recorded data already recorded on the optical disk 
1 , without changing the write rate. The process returns 
to the step S204 after the step S213, so as to continue 
the data write operation. Hence, the recording data con- 
tinuing to the end of the recorded data recorded imme- 
diately before the recording was interrupted is recorded 
so that there is no discontinuity with the recorded data 
recorded immediately before the recording was inter- 
rupted. 

[0289] On the other hand , if the decision result in the 
step S212 is NO, a step S214 reduces the write rate by 
one step, and the process advances to the step S213. 
The step S213 carries out a write restart operation to 
resume the data write operation with respect to the op- 
tical disk 1 in synchronism with the recorded data al- 
ready recorded on the optical disk 1 , with the reduced 
write rate. The process returns to the step S204 after 
the step S213, so as to continue the data write opera- 
tion. Hence, the recording data continuing to the end of 
the recorded data recorded immediately before the re- 
cording was interrupted is recorded so that there is no 
discontinuity with the recorded data recorded immedi- 
ately before the recording was interrupted. 
[0290] Therefore, the write operation (data recording) 
is carried out at the initially set write rate (recording rate) 
until the high temperature detection number during the 
data recording reaches the predetermined number. For 
this reason, the write rate is not changed unnecessarily 
every time the high temperature is detected, and the 
write time will not become unnecessarily long. 
[0291] By reducing the recording rate in steps when 
the high temperature state is detected a predetermined 
number of times or more during the data recording, the 
recording rate will not be greatly reduced. Hence, it is 
possible to carry out a stable data recording at a speed 
which is high as possible, while eliminating the cause 
which consecutively generates the high temperature 
state. 

[0292] Further, the present invention is not limited to 
these embodiments, but various variations and modifi- 
cations may be made without departing from the scope 
of the present invention. 



1 . An information storage apparatus for recording, re- 
producing and/or erasing information with respect 
to a recording medium, characterized by: 
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servo error generation detecting means for de- 
tecting a generation of a servo error based on 
at least one of servo signals including a focus 
error signal and a tracking error signal which 
are derived from output signals of a light receiv- 5 
ing element; and 

data recording resuming means for temporarily 
interrupting a data recording with respect to the 
recording medium, temporarily turning OFF a 
servo and then turning ON the servo again, to 10 
thereafter synchronize recording data to re- 
corded data already recorded on the recording 
medium, and resume recording of the recording 
data continuing without a discontinuity to an 
end of the recorded data recorded immediately 15 
before the interruption of the data recording, 
when the servo error generation detecting 
means detects the generation of the servo error 
while recording data on the recording medium. 

20 

2. An information storage apparatus for recording, re- 
producing and/or erasing information with respect 
to a recording medium, characterized by: 

servo error generation detecting means for de- 25 
tecting a generation of a servo error based on 
at least one of servo signals including a focus 
error signal and a tracking error signal which 
are derived from output signals of a light receiv- 
ing element; and 30 
data recording resuming means for temporarily 
interrupting a data recording with respect to the 
recording medium, temporarily turning OFF on- 
ly a tracking servo without turning OFF all ser- 
vos and then turning ON the tracking servo 35 
again, to thereafter synchronize recording data 
to recorded data already recorded on the re- 
cording medium, and resume recording of the 
recording data continuing without a discontinu- 
ity to an end of the recorded data recorded im- *o 
mediately before the interruption of the data re- 
cording, when the servo error generation de- 
tecting means detects the generation of the ser- 
vo error while recording data on the recording 
medium. 45 



rate so as not to generate the servo error when re- 
suming the recording by the data recording resum- 
ing means. 

5. The information storage apparatus as claimed in 
claim 4, further characterized by: 

control means for resuming the recording of 
the recording data at a recording rate identical to a 
recording rate immediately before the recording is 
interrupted if a number of times the servo error is 
detected by the servo error generation detecting 
means is less than a predetermined number, and 
changing the recording rate so as not to generate 
the servo error if the number of times the servo error 
is detected is greater than or equal to the predeter- 
mined number, when resuming the recording by the 
data recording resuming means. 

6. An information storage apparatus for recording, re- 
producing and/or erasing information with respect 
to a recording medium, characterized by: 

ATIP signal detecting means for detecting an 
ATIP signal based on output signals from a light 
receiving element; 

ATIP decoding and ATIP error detecting means 
for decoding the ATIP signal detected by the 
ATIP signal detecting means to reproduce in- 
formation included in the ATIP signal and to de- 
tect an ATIP error; 

ATIP error measuring means for measuring the 
ATIP error detected by the ATIP decoding and 
ATIP error detecting means to output an ATIP 
error rate; and 

data recording resuming means for temporarily 
interrupting a data recording with respect to the 
recording medium, to synchronize recording 
data to recorded data already recorded on the 
recording medium, and resume recording of the 
recording data continuing without a discontinu- 
ity to an end of the recorded data recorded im- 
mediately before the interruption of the data re- 
cording, when the ATIP error measuring means 
detects an increase of the ATIP error rate while 
recording data on the recording medium. 



3. The information storage apparatus as claimed in 
claim 1 or 2, characterized in that the servo error 
generation detecting means includes means for de- 
tecting the generation of the servo error when a ser- 50 
vo signal makes a transition from a signal level in a 
stable state of the servo signal to a state where the 
signal level is deviated by a predetermined thresh- 
old value. 

55 

4. The information storage apparatus as claimed in 
any of claims 1 to 3, further characterized by: 

rate changing means for changing a recording 



7. An information storage apparatus for recording, re- 
producing and/or erasing information with respect 
to a recording medium, characterized by: 

ATIP signal detecting means for detecting an 
ATIP signal based on output signals from a light 
receiving element; 

ATIP decoding and ATIP error detecting means 
for decoding the ATIP signal detected by the 
ATIP signal detecting means to reproduce in- 
formation included in the ATIP signal and to de- 
tect an ATIP error; 
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ATIP error measuring means for measuring the 
ATIP error detected by the ATIP decoding and 
ATIP error detecting means to output an ATIP 
error rate; and 

data recording resuming means for temporarily 5 
interrupting a data recording with respect to the 
recording medium, and changing a lens posi- 
tion related to the data recording by carrying out 
a carriage moving operation, to thereafter syn- 
chronize recording data to recorded data al- 10 
ready recorded on the recording medium, and 
resume recording of the recording data contin- 
uing without a discontinuity to an end of the re- 
corded data recorded immediately before the 
interruption of the data recording, when the *5 
ATIP error measuring means detects an in- 
crease of the ATIP error rate while recording 
data on the recording medium. 



8. The information storage apparatus as claimed in 20 
claim 6 or 7, further characterized by: 

rate changing means for changing a recording 
rate so as not to increase the ATIP error rate when 
resuming the recording by the data recording re- 
suming means. 25 

9. The information storage apparatus as claimed in 
claim 8, further characterized by: 

control means for resuming the recording of 
the recording data at a recording rate identical to a 30 
recording rate immediately before the recording is 
interrupted if the ATIP error rate output from the 
ATIP error measuring means increases and a 
number of times the increase of the ATIP error rate 
is detected by the servo error generation detecting 35 
means is less than a predetermined number, and 
changing the recording rate so as not to increase 
the ATIP error rate if the number of times the in- 
crease of the ATIP error rate is detected is greater 
than or equal to the predetermined number, when *o 
resuming the recording by the data recording re- 
suming means. 

10. An information storage apparatus for recording, re- 
producing and/or erasing information with respect 45 
to a recording medium, characterized by: 



of the recording data continuing without a dis- 
continuity to an end of the recorded data re- 
corded immediately before the interruption of 
the data recording when the shock and vibra- 
tion detecting means no longer detects the 
shock, vibration or the like. 

11. The information storage apparatus as claimed in 
claim 10, further characterized by: 

rate changing means for changing a recording 
rate so as not to generate the shock, vibration or 
the like when resuming the recording by the data 
recording resuming means. 

12. The information storage apparatus as claimed in 
claim 11, further characterized by: 

control means for resuming the recording of 
the recording data at a recording rate identical to a 
recording rate immediately before the recording is 
interrupted if the number of times the shock, vibra- 
tion or the like is detected by the shock and vibration 
detecting means is less than a predetermined 
number, and for changing the recording rate so as 
not to generate the shock, vibration or the like if the 
number of times the shock, vibration or the like is 
detected is greater than or equal to the predeter- 
mined number, when resuming the recording by the 
data recording resuming means. 

13. The information storage apparatus as claimed in 
any of claims 10 to 12, characterized in that the 
shock and vibration detecting means includes 
means for detecting the shock, vibration or the like 
based on a tracking error signal. 

14. The information storage apparatus as claimed in 
any of claims 10 to 12, characterized in that the 
shock and vibration detecting means includes 
means for detecting the shock, vibration or the like 
based on a focus error signal. 

15. The information storage apparatus as claimed in 
any of claims 10 to 12, characterized in that the 
shock and vibration detecting means includes 
means for detecting the shock, vibration or the like 
based on a reflectivity detection signal. 

16. An information storage apparatus for recording, re- 
producing and/or erasing information with respect 
to a recording medium, characterized by: 

temperature measuring means for measuring 
a temperature within the information storage 
apparatus; and 

data recording resuming means for temporarily 
interrupting a data recording with respect to the 
recording medium when the temperature 
measuring means measures a high tempera- 



shock and vibration detecting means for detect- 
ing shock, vibration or the like applied with re- 
spect to the information storage apparatus; and 50 
data recording resuming means for temporarily 
interrupting a data recording with respect to the 
recording medium when the shock and vibra- 
tion detecting means detects the shock, vibra- 
tion or the like while recording data on the re- 55 
cording medium, and for synchronizing record- 
ing data to recorded data already recorded on 
the recording medium, and resuming recording 
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ture which is greater than or equal to a prede- 
termined temperature while recording data on 
the recording medium, and synchronizing re- 
cording data to recorded data already recorded 
on the recording medium and resuming record- 5 
ing of the recording data continuing without a 
discontinuity to an end of the recorded data re- 
corded immediately before the interruption of 
the data recording when the temperature 
measured by the temperature measuring 10 
means becomes less than the predetermined 
temperature. 

17. The information storage apparatus as claimed in 
claim 16, characterized in that the data recording 15 
resuming means includes means for detecting a 
high temperature state when a difference between 
the temperature measured by the temperature 
measuring means during the data recording and an 
initial temperature measured before a start of the 20 
data recording exceeds a predetermined threshold 
value. 

18. The information storage apparatus as claimed in 
claim 16 or 17, further characterized by: 25 

rate changing means for changing a recording 
rate so as not to generate a high temperature state 
when resuming the recording by the data recording 
resuming means. 

30 

19. The information storage apparatus as claimed in 
claim 18, further characterized by: 

control means for resuming the recording of 
the recording data at a recording rate identical to a 
recording rate immediately before the recording is 35 
interrupted if a number of times the high tempera- 
ture state is detected is less than a predetermined 
number, and for reducing the recording rate in steps 
so as not to generate the high temperature state if 
the number of times the high temperature state is *o 
detected is greater than or equal to the predeter- 
mined number, when resuming the recording by the 
data recording resuming means. 
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FIG.6 
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FIG.8 
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FIG.9 
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